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ABSTRACT
Pigw eed (A m aranthus r e t r o f l e x u s  L .)  was found  to  b e  v e ry  s e n s i t i v e  
to  o x a d ia z o n  ( 2 - t e r t i o b u t y l - 4 - ( 2 ,4 - d i c h l o r o - 5 - i s o p r o p y l o x y p h e n y l ) - 5 -  
o x o - 1 ,3 , 4 -o x a d ia x o iin < r)  when t h i s  h e r b i c i d e  was in c o r p o r a te d  in t o  
C row ley s i l t  loam  s o i l .  U sing  t h i s  p l a n t  s p e c i e s ,  a  b io a s s a y  was 
d e v e lo p e d  w hich  c o u ld  b e  u se d  to  d e te rm in e  th e  c o n c e n t r a t i o n  o f  
o x a d ia z o n  in  t h i s  s o i l  from  0 .5  ppm to  4 ppm. Movement o f  o x a d ia z o n  
from  a  s u r f a c e  a p p l i c a t i o n  o f  4 lb  a c t i v e  i n g r e d i e n t / a c r e  w as fou n d  
to  b e  l i m i t e d  to  th e  to p  th r e e  in c h e s  o f  th e  s o i l  when t h i s  h e r b ic id e  
was le a c h e d  w ith  6 ,  12 an d  18 in c h e s  o f  w a te r .  D e g ra d a t io n  o f  s o i l  
in c o r p o r a te d  o x a d ia z o n  was fou n d  to  o c c u r  when s o i l  sam p les  w ere  kep i 
f o r  180 days u n d e r  f lo o d e d  c o n d i t i o n s ,  h o w ev e r, no d e g r a d a t io n  and  
in c r e a s e d  p h y t o t o x i c i t y  o c c u r r e d  i n  sam p le s  k e p t  u n d e r  n o n f lo o d e d  o r  
a l t e r n a t i n g  f lo o d e d  and  n o n f lo o d e d  c o n d i t i o n s .  O xad iazon  in c o r p o r a te d  
in  s o i l  sam p le s  a t  4 ppm and  s t o r e d  a t  s o i l  m o is tu r e  c o n te n ts  o f  60 
and 75 p e r c e n t  was found  to  d e g ra d e  m ore r a p i d l y  th a n  in  th e  sam p les  
s t o r e d  a t  lo w er m o is tu r e  c o n t e n t s .  The m a jo r  pa thw ay  o f  o x a d ia z o n  
d e g r a d a t io n  was fo u n d  to  b e  m i c r o b ia l .  A d d it io n  o f  one p e r c e n t  r i c e  
s t r a w  to  n o n a u to c la v e d  s o i l  s t im u la t e d  m ic r o b ia l  d e g r a d a t io n  and  
p h y t o t o x i c i t y  w as e l im in a te d  i n  365 d a y s . No d e g r a d a t io n  w as found  
in  t r e a tm e n ts  w i th  a u to c la v e d  s o i l .  T o ta l  w a te r  u t i l i z a t i o n  and  g row th  
o f  p igw eed  was i n h i b i t e d  m ore th a n  r i c e  (O rv zae  s a t i v a  L .)  when th e s e  
s p e c ie s  w e re  ex p o sed  to  th e  same c o n c e n t r a t i o n s  o f  o x a d ia z o n . W ater 
u t i l i z a t i o n  by p ig w eed  a t  4 ppm o x a d ia z o n  was o n ly  4 5 .9  p e r c e n t  o f
vi
th e  c o n t r o l  w h e re a s  r i c e  w a te r  u t i l i z a t i o n  was 8 3 .0  p e r c e n t  o f  th e  
c o n t r o l .  The p e a k s  i n  th e  r a t e  o f  w a te r  u t i l i z a t i o n  o f  b o th  p igw eed  
and  r i c e  w ere  re a c h e d  a b o u t 10 to  11 days a f t e r  g e rm in a t io n .
vLJ
INTRODUCTION
W ith th e  p a s s a g e  o f  more s t r i n g e n t  F e d e r a l  r e g u l a t i o n s  r e l a t i v e  to  
th e  fo o d  and  p e s t i c i d e  i n d u s t r i e s  and to  e n s u re  m a n 's  f u t u r e  w e l l - b e in g  
and  e n v iro n m e n ta l  c l e a n l i n e s s ,  a c a d e m ic , i n d u s t r i a l ,  and  gov ern m en t 
a g e n c ie s  h a v e  r e c e n t l y  exam ined  m ore c r i t i c a l l y  a r e a s  a s s o c i a t e d  w i th  
th e  n a t u r e ,  p e r s i s t e n c e ,  and  t o l e r a b l e  c o n c e n t r a t i o n  l e v e l s  o f  p e s t i c i d e  
d e p o s i t e s  i n  s o i l s  and  w a te r  r e s o u r c e s .
O xad iazon  i s  a  new p e s t i c i d e  w hich  shows p ro m is in g  r e s u l t s  b o th  a s  
a  s e l e c t i v e  h e r b i c i d e  and  a s  a  te m p o ra ry  s o i l  s t e r i l a n t .  The mammalian 
t o x i c i t y  o f  o x a d ia z o n  i s  v e ry  low  w ith  a  s i n g l e  a c u te  o r a l  LD 50 in  
e x c e s s  o f  8 ,0 0 0  m g/kg . The c h e m ic a l Cc.n b e  u se d  e i t h e r  a s  a  p o s t  o r  
p reem erg en ce  h e r b i c i d e  to  c o n t r o l  b r o a d le a f  and some g r a s s  s p e c i e s .  
H ow ever, th e  m ost e n c o u ra g in g  r e s u l t s  h a v e  b e e n  o b ta in e d  fro m  th e  
p re e m e rg e n c e  t r e a tm e n t s .
A p p l ic a t io n  o f  o x a d ia z o n , a s  a  h e r b i c i d e  i n  r i c e  i n  th e  U n ite d  
S t a t e s ,  i s  i n  th e  e a r l y  e x p e r im e n ta l  s t a g e s .  The r e s u l t s  fro m  d i f f e r e n t  
l o c a t i o n s ,  i n  g e n e r a l ,  i n d i c a t e  t h a t  t i e  new c h e m ic a l h a s  h ig h  p o t e n t i a l  
o f  b e in g  a  s u c c e s s .  N e v e r th e le s s ,  f u r t h e r  b a s i c  in f o r m a t io n  d e a l in g  
w ith  i t s  b e h a v io r  i n  s o i l  i s  e s s e n t i a l .
The p u rp o se  o f  t h i s  r e s e a r c h  was to  d e te rm in e  th e  g e n e r a l  b e h a v io r  
o f  o x a d ia z o n  in  L o u is ia n a  r i c e  s o i l ,  C row ley s i l t  lo am . D e t a i l s  o f  th e  
r e s e a r c h  a r e  a s  f o l lo w : (1 ) s o i l  b io a s s a y  s tu d y  (2 ) l e a c h in g  e x p e r im e n t
(3 ) m ic r o b ia l  d e g r a d a t io n  (4 ) e f f e c t  o f  f lo o d in g  and  (5 ) e f f e c t  
o f  s o i l  m o is tu r e .
1
2P la n t  b io a s s a y  and c h e m ic a l a n a l y s i s  u s in g  a  g as  c h ro m a to g ra p h y , 
e q u ip p e d  w ith  an  e l e c t r o n  c a p tu r e  d e t e c t o r ,  w ere  em ployed  f o r  q u a n t i t a ­
t i v e  d e te r m in a t io n  o f  o x a d ia z o n  c o n c e n t r a t i o n  i n  th e  s o i l .
LITERATURE REVIEW
I .  S o i l  b io a s s a y
The u s e  o f  p l a n t  b io a s s a y s  to  d e te rm in e  th e  c o n c e n t r a t i o n  o f  a  
h e r b i c id e  i n  s o i l  and  o th e r  p l a n t  g row th  m ed ia  h a s  b e e n  o f  g r e a t  
im p o r ta n c e  i n  w eed r e s e a r c h .  A lth o u g h  b io a s s a y  te c h n iq u e s  a r e  l e s s  
s p e c i f i c  th a n  c h e m ic a l m e th o d s , th e y  do o f f e r  th e  o p p o r tu n i ty  to  
d e te rm in e  th e  p r e s e n c e  o f  t o x i c  m e ta b o l i t e s  w h ich  may b e  som etim es 
b y p a s s e d  by  c h e m ic a l a n a l y s i s .  I n  a d d i t i o n ,  b io a s s a y  m ethods do n o t  
r e q u i r e  e x p e n s iv e  a n a l y t i c a l  eq u ip m e n t. F o r th e s e  r e a s o n s  b io a s s a y s  
h av e  b e e n  em ployed  e x t e n s i v e ly  i n  h e r b i c id e  i n v e s t i g a t i o n s .
F r i t z  Went h a s  b e e n  c i t e d  (15 ) a s  b e in g  th e  f i r s t  r e s e a r c h e r  to  
u t i l i z e  a  p l a n t  r e s p o n s e  (A vena c o l e o p t i l e  c u r v a tu r e )  i n  a  q u a n t i t a t i v e  
a s s a y  o f  a u x in .
In  e a r l y  s t u d i e s  w i th  h e r b i c i d a l  a r s e n a t e s ,  S te w a r t  and  S m ith  
(124) a lo n g  w i th  V andecaveye e t  a l  (134) u se d  d ry  w e ig h t  o f  p l a n t  to n s  
and r o o t s  a s  i n d i c a t o r s  o f  a r s e n a t e  t o x i c i t y  i n  th e  s o i l  i n  t h e i r  
e x p e r im e n ts .  Reed and  S t u r g i s  (103) u se d  r i c e  y i e l d ,  th e  c o n te n t  o f  
r i c e  h e a d s ,  and w e ig h t  o f  s t r a w  to  e v a lu a te  th e  r e s i d u a l  e f f e c t  o f  
a r s e n i c  i n  s o i l s .  C r a f t s  (26 ) d e v e lo p e d  a  " p l a n t - i n d i c a t o r "  t e s t  to  
s tu d y  th e  e f f e c t s  o f  h e r b i c i d e s .  He exam ined  th e  r e l a t i v e  t o x i c i t y ,  
p e r s i s t e n c e ,  and  d e g re e  o f  l e a c h in g  o f  sod ium  a r s e n i t e  and  sod ium  
c h l o r a t e  i n  s e v e r a l  C a l i f o r n i a  s o i l s  u s in g  o a t s  (A vena s a t i v a  L .)  a s  
th e  t e s t  p l a n t .
O ver th e  p a s t  30 y e a r s ,  many w o rk e rs  h av e  d e v e lo p e d  t h e i r  own 
te c h n iq u e s  by  m o d i f ic a t io n  o f  C r a f t s ’ p r o c e d u r e s .  T hese  m o d i f ic a t io n s  
u s u a l l y  in v o lv e d  v a r i a b l e s  su c h  a s  th e  p l a n t  s p e c i e s ,  o r i e n t a t i o n  o f
4th e  t e s t  s e e d s  i n  t h e  s o i l ,  d e p th  o f  s e e d  p la c e m e n t,  w a te r in g  
te c h n iq u e s ,  h e r b i c id e  a p p l i c a t i o n  m e th o d s , and  p l a n t  m easurem ent 
t e c h n iq u e s .
A tk in s  and  Tchan (7 ) com pared o a t  s e e d l i n g  a s s a y s  w i th  an  a lg a e  
( C h lo r e l l a  ty p e )  a s s a y  to  s tu d y  a t r a z i n e  ( 2 - c h lo r o - 4 - ( e th y la m in o ) - 6 -  
( i s o p r o p y la m in o ) - s - t r i a z in e )  r e s id u e s  i n  s o i l  and  fo u n d  t h a t  b o th  
te c h n iq u e s  p ro v id e d  s a t i s f a c t o r y  r e s u l t s .  D i f f e r e n t  te c h n iq u e s  o f  
w a te r  m anagem ent s u c h  a s  s u b i r r i g a t i o n  and  s u r f a c e  a p p l i c a t i o n  o f  
w a te r  h av e  b e e n  em ployed i n  b io a s s a y  e x p e r im e n ts  w i th  good r e s u l t s  
( 2 6 ,5 3 ,1 1 0 ,1 3 1 ) .  S h e e t and  H a r r i s  (114 ) u se d  a  s e q u e n t i a l  c ro p p in g  
m ethod to  s tu d y  th e  d e g re e  o f  p e r s i s t e n c e  o f  d i c h l o r o b e n i l  ( 2 ,6 -  
d i c h l o r o b e n z o n i t r i l )  r e s id u e s  u n d e r  f i e l d  c o n d i t i o n s .  They found  th a t  
th e  l o s s  o f  h e r b i c i d e  o c c u r r e d  m o s tly  i n  th e  summer m o n th s , and  t h a t  
d e t e c t a b l e  p e r s i s t e n c e  l a s t e d  a b o u t n in e  m o n th s .
L e a su re  (76 ) em p h asized  t h a t  o t h e r  p l a n t  g ro w th  m ed ias  su ch  a s  
w a te r  c u l t u r e  o r  s a n d  c u l t u r e  medium can  b e  u s e d  i n  b io a s s a y in g  f o r  
many h e r b i c i d e s .
S an tlem an n  e t  a l  (108) s u g g e s te d  from  t h e i r  s o i l  b io a s s a y  e x p e r i ­
m en ts  w i th  p ro m e try n e  ( 2 ,4 - b i s ( i s o p r o p y l a m i n o ) - 6 - ( m e t h y l t h i o ) - s -  
t r i a z i n e )  t h a t  s e v e r a l  m easu rem en ts  o f  h e r b i c i d a l  a c t i v i t y  in c lu d in g  
v i s u a l  r a t i n g s ,  f r e s h  w e ig h t ,  d ry  w e ig h t ,  and  h e i g h t  m easu rem en ts  o f  
th e  t e s t  p l a n t s  c o u ld  b e  u se d  to  d e te rm in e  p ro m e try n e  c o n c e n t r a t i o n  
i n  s o i l  b u t  t h a t  th e  a v e ra g e  o f  a l l  m easu rem en ts  p ro v id e d  m ore p r e c i s e  
d e t e r m in a t io n s .  A t th e  same tim e  th e y  p o in t e d  o u t  t h a t  th e  u t i l i z a t i o n  
o f  w a te r  by th e  t e s t  p l a n t s  c o u ld  b e  u se d  a s  a  good e a r l y  i n d i c a t o r  
to  m easu re  h e r b i c i d a l  a c t i v i t y .
5A s o i l  b io a s s a y  a l lo w s  r a p id  e v a l u a t i o n  o f  h e r b i c i d a l  a c t i v i t y  
and r e q u i r e s  minimum sp a c e  and  man pow er. The v a r i a t i o n  i n  t h i s  ty p e  
o f  e x p e r im e n t w i l l  b e  m in im ized  i f  i t  i s  c o n d u c te d  u n d e r  c o n t ro le d  
c o n d i t io n s  ( 4 1 ,1 0 8 ,1 2 0 ) .  B eh ren s  (15 ) s t a t e s  t h a t  a  u n ifo rm  e n v iro n ­
m e n ta l  c o n d i t io n  i s  n e c e s s a r y  i n  m a in ta in in g  a  h ig h  l e v e l  o f  p r e c i s i o n  
i n  a  b io a s s a y  d e t e r m in a t io n .  T e m p e ra tu re  d i f f e r e n c e s  a lo n g  w i th  
v a r i a t i o n s  i n  a i r  v e l o c i t y ,  ev en  i n  a  g ro w th  ch am b er, may a f f e c t  th e  
d e g re e  o f  u p ta k e  and  t r a n s l o c a t i o n  o f  h e r b i c i d e  an d  th e r e b y ,  in d u c e  
v a r i a t i o n s .  Jo rd a n  e t  a l  (65 ) and  S a n tle m a m  (108) c o n f irm e d  t h a t  
good p e rfo rm a n c e  o f  t r i f l u r a l i n  ( a , a , a - t r i f l u o r o - 2 , 6 - d i n i t r o - N , N -  
d i p r o p y l - p - t o l u i d i n e )  and  p ro m e try n e  i n  b io a s s a y  e x p e r im e n ts  depended  
m ore on th e  s t a b i l i t y  o f  te m p e ra tu r e  and  m o is tu r e  c o n d i t io n s  th a n  
m ethod  o f  a p p l i c a t i o n .
M o is tu re  o f  th e  s o i l  can  g r e a t l y  ch an g e  th e  p h y t o t o x i c i t y  o f  
h e r b i c id e s  to  p l a n t s .  G ro v er (4 7 ,4 8 )  r e p o r t e d  t h a t  p h y t o t o x i c i t y  
o f  s im a z in e  ( 2 - c h l o r o - 4 , 6 - b i s ( e t h y l a m i n o ) - s - t r i a z i n e )  and  p ic lo r a m  
( 4 - a m i n o - 3 ,5 , 6 - t r i c h l o r o p i c o l i n i c  a c id )  was d e c r e a s e d  when s o i l  
m o is tu r e  in c r e a s e d .  L am b ert (74 ) fo u n d  th e  sam e r e s u l t s  w i th  o a t s  
when h e  w orked  w i th  d iu ro n  ( 3 - ( 3 ,4 - d i c h l o r o p h e n y l ) - l , l - d i m e t h y l u r e a ) . 
Audus (10 ) s u g g e s te d  t h a t  th e  a v a i l a b i l i t y  o f  h e r b i c i d e s  t o  p l a n t s  
was a f f e c t e d  by s o i l  m o is tu r e  and  th e  d e g re e  o f  a d s o r p t io n  o f  
h e r b i c i d e s  o n to  th e  s o i l  ex ch an g e  com plex . U pchurch  (129 ) c o n c lu d e d  
on th e  b a s i s  o f  t e s t s  w ith  d iu ro n  on c o t to n  (G ossyp ium  h ir s u tu m  L .)  
t h a t  d iu ro n  was m ore t o x i c  u n d e r  h ig h  m o is tu r e  c o n d i t io n s  th a n  u n d e r  
low  m o is tu r e  c o n d i t i o n s .  S t i c k l e r  e t  a l  (125 ) r e p o r t e d  from  
e x p e r im e n ta t io n  u n d e r  g re e n h o u se  c o n d i t io n s  t h a t  th e  e f f e c t i v e n e s s  
o f  a t r a z i n e  and  EPTC ( S - e th y l  d ip r o p y l th io c a r b a m a te )  w as in c r e a s e d
6when s o i l  m o is tu re  was r a i s e d  from  25 to  31 p e r c e n t ,  b u t  no f u r t h e r  
in c r e a s e  was o b ta in e d  beyond 37 p e r c e n t  m o is tu r e .  The d e g re e  o f  
t o x i c i t y  o f  am iben  ( 3 - a m in o - 2 ,5 - d ic h lo r o b e n z o ic  a c id )  in c r e a s e d  
l i n e a r l y ,  w h i le  th e  t o x i c i t y  o f  t r i f l u r a l i n  d e c re a s e d  l i n e a r l y  w i th  
in c r e a s i n g  m o is tu r e .  I n c r e a s i n g  m o is tu r e  i n  t h e  above  ra n g e  h ad  
l i t t l e  e f f e c t  on p r o p a c h lo r  ( 2 - c h l o r o - N - i s o p r o p y l a c e t a n i l i d e ) . Muzun 
e t  a l  (83 ) exam ined  22 p l a n t  s p e c ie s  t o  s tu d y  th e  d e g re e  o f  p e r s i s t e n c e  
o f  b e n s u l id e  ( 0 ,0 - d i i s o p r o p y l  p h o s p h o r o d i th io a te  S - e s t e r  w i th  N- 
( 2 - m e r c a p to e th y l)  b e n z e n e s u lfo n a m id e ) , DCPA (d im e th y l  t e t r a c h l o r o -  
t e r e p h t h a l a t e )  and  s id u r o n  ( l - ( 2 - m e th y lc y c lo h e x y l ) - 3 - p h e n y lu r e a ) .
They r e p o r te d  t h a t  b a m y a r d g r a s s  (E c h in o c h lo a  c r u s g a l l i  B e a u v .) ,  
b ro w n m il le t  (Fagopyrum  e s c u le n tu m  M o en ch .) , and  c r a b g r a s s  ( D i g i t a r i a  
s a n g u i n a l i s  L . )  can  b e  u se d  as  s e n s i t i v e  p l a n t s  f o r  b io a s s a y  s tu d y  
o f  b e n s u l i d e ;  b ro w n to p  m i l l e t  and  f o x t a i l  ( S e t e r i a  s p . )  and  sorghum  
(Sorghum  v u lg a r e  P e r s . )  a r e  good f o r  DCPA; and  b row n top  m i l l e t  o a t s  
and  w h ea t ( T r i t ic u m  a e s t iv u m  L .)  a r e  s u i t a b l e  f o r  s id u r o n .  S im i la r  
w ork was c o n d u c te d  and  th e  same r e s u l t s  w ere  fo u n d  by  H a r r i s  e t  a l  
(5 5 ) .
D ow ler (40 ) s tu d i e d  s o i l  r e s id u e s  o f  b ro m a c i l  (5 -b ro m o -3 -s e c -  
b u t y l - 6 - m e t h y l u r a c i l ) ,  d icam ba ( 3 ,6 - d i c h l o r o - o - a n i s i c  a c i d ) ,  d iu r o n ,  
fe n a c  ( ( 2 , 3 , 6 - t r i c h l o r o p h e n y l ) a c e t i c  a c i d ) ,  p ic lo r a m  and  p ro m e try n e  and 
r e p o r te d  t h a t  v i s u a l  i n j u r y  r a t i n g  o f  cucum ber (Cucum is s a t i v u s  L .)  
c o u ld  e a s i l y  b e  d e t e c te d  and  i t  c o u ld  b e  u se d  to  r e p la c e  f r e s h  w e ig h t 
o r  d ry  w e ig h t  m easu rem en t f o r  th e s e  h e r b i c i d e s .
W ilk in so n  (142 ) u se d  r i c e  a s  an  i n d i c a t o r  p l a n t  to  s tu d y  
s e v e r a l  c o m b in a tio n s  o f  h e r b i c i d e s .  He s u g g e s te d  t h a t  b o th  a d d i t i v e
7r e s u l t s  and  a n t a g o n i s t i c  r e s p o n s e s  w e re  o b ta in e d  fro m  h e r b i c i d e  
c o m b in a t io n s .
D ard in g  and  Freem an (29) p o s t u l a t e  t h a t  a  b io a s s a y  p l a n t  s h o u ld  
h av e  th e  f o l lo w in g  c h a r a c t e r i s t i c s :  (1 ) b e  s e n s i t i v e  enough  to
d e t e c t  v e ry  s m a l l  am ounts o f  h e r b i c i d e  (2 ) show g r a d u a l  r e d u c t io n  in  
g row th  w i th  i n c r e a s in g  am ount o f  h e r b i c i d e ,  an d  (3 )  b e  c o n v e n ie n t  
to  h a n d le .
A t e c h n i c a l  r e p o r t  from  R h o d ia  (1 0 4 ,1 0 5 )  s u g g e s te d  t h a t  b a m y a r d -  
g r a s s ,  p igw eed  (A m aranthus r e t r o f l e x u s  L . ) ,  p u r s l a n e  ( P o r tu l a c a  
o l e r a c e a  L . ) ,  and  c o c k le b u r  (X an th ium  p e n sy lv a n ic u m  W a l l . )  w ere  q u i t i  
s u s c e p t i b l e  to  p reem erg en ce  a p p l i c a t i o n s  o f  o x a d ia z o n  ( 2 - t e r t i o b u t y l -  
4 -  ( 2 , 4 - d ic h lo r o - 5 - i s o p r o p y lo x y p h e n y l ) - 5 - o x o - 2 , 3 ,4 - o x a d ia z o l in e )  a t  
0 .5  -  1 .0  lb  a i /A ,  w h i le  r i c e  (O ry za  s a t i v a  L .)  an d  so y b e a n  (G ly c in e  
max (L) M e r r .)  a r e  q u i t e  r e s i s t e n t .  D esm oras and  P e t r i n k o  ( 3 6 ) ,  
s t u d i e d  th e  p h y t o t o x i c i t y  o f  o x a d ia z o n  r e s id u e s  i n  s o i l  u s in g  a  p l a n t  
b io a s s a y .  They fo u n d  t h a t  an  a lg a e  (S cenedesm us q u a d r ic a u d a )  c o u ld  
b e  u se d  to  d e t e c t  th e  c o n c e n t r a t i o n  o f  o x a d ia z o n  i n  a  s u s p e n s io n  
medium down to  0 .3  ppm, w h i le  sorghum  s e e d l i n g s  c o u ld  b e  a n o th e r  
c h o ic e  to  b e  u se d  f o r  b io a s s a y  f o r  t h i s  h e r b i c i d e .
I I .  L e a c h in g  s tu d y
L e a c h in g  i s  one o f  th e  m ost im p o r ta n t  f a c t o r s  a f f e c t i n g  th e  
h e r b i c i d a l  a c t i v i t y  o f  s o i l - a p p l i e d  h e r b i c i d e s .  Some h e r b i c i d e s  may 
d is a p p e a r  from  th e  u p p e r  l a y e r s  o f  th e  s o i l  by  e x c e s s iv e  le a c h in g  
when h eav y  r a i n f a l l  o c c u r s  o r  when l a r g e r  am ounts o f  i r r i g a t i o n  
w a te r  a r e  a p p l ie d  ( 3 ,1 3 ,1 0 7 ) .
8L e a c h in g  d a t a  i s  v e ry  u s e f u l  f o r  u n d e r s ta n d in g  and  p r e d i c t i n g  
b e h a v io r  o f  h e r b i c id e s  u n d e r  v a r io u s  r a i n f a l l  c o n d i t io n s  i n  d i f f e r e n t  
ty p e s  o f  s o i l  ( 6 5 ) .
S tu d ie s  i n t o  th e  e f f e c t  o f  volum e o f  l e a c h  w a te r  on movement o f  
•many h e r b i c i d e s  i n  s o i l s  h a s  b e e n  c o n d u c te d  and  r e p o r t e d  by  s e v e r a l  
i n v e s t i g a t o r s ’ ( 5 ,4 3 ,5 0 ,5 6 ,6 0 ,9 4 ,9 7 ,1 4 1 ) .  U pchurch  and  P i e r c e  (1 3 0 , 
131) fou n d  t h a t  an  i n c r e a s e  i n  th e  t o t a l  am ount o f  w a te r  in c r e a s e d  
t h e  d e p th  o f  movement o f  m onuron i n  s o i l .  They a l s o  p o s t u l a t e d  t h a t  
th e  e x t e n t  o f  h e r b i c i d e  movement by  w a te r  was g o v e rn e d  by a  num ber 
o f  s o i l  f a c t o r s  ( 7 8 ,1 1 5 ,1 3 2 ,1 3 3 ) .
B u rn s id e  e t  a l  (22 ) r e p o r t e d  from  f i e l d  e x p e r im e n ts  on le a c h in g  
o f  s im a z in e  and  a t r a z i n e  i n  N e b ra sk a  s o i l s  t h a t  th e  d e p th  to  w h ich  
th e s e  h e r b i c i d e s  moved w as l e s s  th a n  s i x  in c h e s  i n  4 m o n th s , b u t  i t  
i n c r e a s e d  w i th  th e  t o t a l  am ount o f  w a te r  s u p p l i e d .  D av id so n  and  
S an te lm an n  (130) c o n f irm e d  t h a t  th e  r a t e  a t  w h ic h  f lu o m e tu ro n  and  
d iu ro n  moved th ro u g h  a  w a te r  s a t u r a t e d ,  u n ifo rm ly  p ack e d  colum n 
o f  g l a s s  b e a d s  o r  s o i l  w as a  f u n c t i o n  o f  th e  w a te r  f l u x  o r  a v e ra g e  
p o re  v e l o c i t y .
U sin g  th e  s im u la te d  r a i n f a l l  t e c h n iq u e ,  B a r n e t t  e t  a l  (13 ) 
r e p o r te d  t h a t  th e  l o s s  o f  2 ,4 -D  i n  w a s h o f f  w a te r  fro m  c u l t i v a t e d  
f a l lo w  la n d  w as a  f u n c t io n  o f  f o r m u la t io n  and  r a i n f a l l  i n t e n s i t y .
They a l s o  i n d i c a t e d  t h a t  th e  c o n c e n t r a t i o n  o f  th e  h e r b i c i d e  i n  th e  
w a s h o ff  w as c o r r e l a t e d  to  th e  r a t e  a p p l i e d  an d  i t  w as fo u n d  to  b e  
g r e a t e s t  i n  t h e  e a r l y  p a r t  o f  th e  s to rm . T r i c h e l l  e t  a l  (127) 
i n d i c a t e d  t h a t  l o s s  o f  2 ,4 ,5 - T ,  d icam ba and  p ic lo r a m  i n  r u n o f f  w a te r
9was in f lu e n c e d  by c u l t u r a l  p r a c t i c e , n a t u r e  and  r a t e  o f  a p p l i c a t i o n  
and s lo p e  o f  th e  f i e l d .  When th e  l o s s  was d e te rm in e d  24 h o u rs  a f t e r  
a p p l i c a t i o n ,  l o s s  o f  d icam ba and  p ic lo r a m  was g r e a t e r  from  so d  th a n  
from  f a l lo w  p l o t s  w h i le  2 ,4 ,5 - T  lo s s e s  w ere  a b o u t e q u a l .
Many i n v e s t i g a t o r s  sum m arize t h a t  s o i l  r e a c t i o n  o r  pH o f  th e  
s o i l  s o l u t i o n  can  d e te rm in e  o r  in f l u e n c e  th e  d e g re e  o f  le a c h in g  o f  
h e r b i c id e s  ( 1 1 ,3 9 ,1 3 6 ) .  W eaver (136) s t a t e d  t h a t  th e  a d s o r p t io n  o f
2 ,4 -D  on a  h y d r o g e n - s a tu r a t e d  c a t io n  e x c h a n g e r  was n e a r l y  tw ic e  as 
g r e a t  a t  pH 2 .5  o r  b e lo w , a s  i t  was a t  pH 3 .3 .  T h is  w ould  b e  e x p e c te d  
s in c e  a t  a  pH o f  one u n i t  lo w e r  th a n  th e  pKa (pKa o f  2 ,4 -D  = 3 .3 1 )
90 p e r c e n t  o f  th e  compound a s s o c i a t e d ,  and  a d s o r p t io n  o f  th e  
u n d i s s o c i a t e d  m o le c u le s  p ro b a b ly  w ou ld  o c c u r  v i a  h y d ro g en  b o u n d in g  
to  th e  ex ch an g e  r e s i n .  B a i le y  e t  a l  (11 ) fo u n d  n e g a t iv e  
a d s o r p t io n  o f  2 ,4 -D , 2 ,4 ,5 - T ,  b e n z o ic  a c i d ,  am iben and p ic lo ra m  
when th e  a d s o r b e n t  was sod ium  m o n tm o r i l lo n i te  w i th  pH o f  6 .8 .  In  
th e  c a s e  o f  th e  h y d ro g en  m o n tm o r i l lo n i te  (pH 3 . 4 ) ,  p ic lo r a m  and
2 ,4 ,5 - T  w ere  p o s i t i v e l y  a d s o rb e d  w h ile  2 ,4 -D , b e n z o ic  a c id  and  
am iben w ere  n o t  a d s o rb e d . W eber (137 ) r e p o r t e d  from  h i s  e x p e r im e n t 
on a d s o r p t io n  o f  13 t r i a z i n e s  by m o n tm o r i l lo n i te  t h a t  th e  maximum 
a d s o r p t io n  o f  a l l  t h e  compounds o c c u r r e d  a t  th e  pH i n  t h e  v i c i n i t y  
o f  th e  d i s s o c i a t i o n  c o n s ta n t  o f  e a c h  compound. A f u r t h e r  lo w e r in g  
o f  th e  pH r e s u l t e d  i n  some d e s o r p t io n  o f  e a c h  o f  th e  a d s o rb e d  t r i a z i n e .  
S im i la r  r e s u l t s  w ere  o b ta in e d  w ith  p ro m e try n e  (1 3 8 ) .
S c o t t  and  W eber (110) c o n f irm e d  t h a t  p h y t o t o x i c i t y  o f  p a r a q u a t  
( l , l ' - d i m e t h y l - 4 , 4 , - b ip y r i d in iu m  io n )  and  p ro m e try n e  to  cucum ber 
p l a n t s  was re d u c e d  g r e a t l y  by a d d i t i o n  o f  m o n tm o r i l lo n i te  c l a y ,
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b u t  t o x i c i t y  o f  2 ,4 -D  and  CIPC was re d u c e d  by a d d i t i o n  o f  a n io n -  
ex ch an g e  r e s i n s .
B a i le y  and  W hite  ( 1 2 ) ,  s tu d y in g  th e  c h e m ic a l c h a r a c t e r i s t i c s  
o f  th e  a d s o rb e n t  found  t h a t  a d s o r p t io n  r e a c t i o n s  in v o lv e  i n t e r a c t i o n  
a t  th e  s u r f a c e  l e v e l ,  an d  c o n c lu d e d  t h a t  o ne  o f  t h e  m o st im p o r ta n t  
p r o p e r t i e s  o f  a d s o r b e n ts  i s  t h e i r  s u r f a c e  a r e a .  The 1 :1  m i n e r a l s ,  
p r im a r i l y  th o s e  o f  k a o l i n i t e  g ro u p , b e c a u s e  o f  t h e i r  low  c a t i o n  
ex ch an g e  c a p a c i ty  (C .E .C .)  and  low  s u r f a c e  a r e a  h a v e  v e r y  l i m i t e d  
a d s o r p t io n  c a p a c i t y .  The 2 :1  m in e r a ls  w h ich  ca n  e x p a n d , s u c h  a s  
m o n tm o r i l lo n i te  and  v e r m i c u l i t e ,  h a v e  v e ry  h ig h  C .E .C . an d  s u r f a c e  
a r e a s .  As a  r e s u l t ,  th e  e x t e n t  o f  a d s o r p t io n  i s  s u f f i c i e n t l y  
g r e a t e r .  The n o n -e x p a n d in g  2 :1  m i n e r a l s ,  su c h  a s  i l l i t e  and  c h l o r i t e ,  
a r e  in t e r m e d i a te  i n  a d s o r p t io n  c a p a c i ty  b e tw e e n  1 :1  and  2 :1  e x p a n d in g  
m i n e r a l s .
L am bert e t  a l  (7 3 ) c la im e d  t h a t  s o i l  o r g a n ic  m a t t e r  w as th e  
m a jo r  a d s o rb in g  m ed ia  f o r  r e d u c in g  h e r b i c i d a l  a c t i v i t y .  The 
a d s o r b a te  o r  s o l u t e  was an  u n c h a rg e d  m o le c u le  so  io n -e x c h a n g e  and 
p r o to n  t r a n s f e r  t h a t  c o u ld  b r in g  a b o u t th e  a d s o r p t io n  m echanism  
w ere  n o t  o p e r a t in g .
A d s o rp t io n  p r o c e s s e s  a r e  e x o th e rm ic ,  w h i le  d e s o r p t i o n s  a r e  
e n d o th e rm ic . An in c r e a s e  i n  te m p e ra tu r e  s h o u ld  r e d u c e  a d s o r p t io n  
and f a v o r  d e s o r p t io n .  T h is  c o r re s p o n d s  to  a  w eak en in g  o f  th e  
a t t r a c t i v e  f o r c e s  b e tw e e n  th e  s o l u t e  and  th e  s o i l  s u r f a c e  ( 1 2 ) .
B ut H a r r i s  and  W arren  (5 2 ) r e p o r t e d  t h a t  t h e  d e g re e  o f  a d s o r p t io n  
o f  s im a z in e ,  a t r a z i n e ,  and  m onuron b y  b e n t o n i t e  w as g r e a t e r  a t  
0°C th a n  50°C . They a l s o  fo u n d  t h a t  th e  ex ch a n g e  r e a c t i o n s  te n d e d
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to  he te m p e ra tu re  In d e p e n d e n t.  They c o n f irm e d  t h a t  d iq u a t  was a l s o  
c o m p le te ly  a d s o rb e d  a t  0°C r a t h e r  th a n  a t  50°C .
G e n e ra l ly  s p e a k in g ,  an  i n c r e a s e  i n  te m p e ra tu r e  l e a d s  to  
d e c re a s e d  a d s o r p t io n ,  b e c a u s e  i t  may in f l u e n c e  a d s o r p t io n  th ro u g h  
i t s  e f f e c t s  on s o l u b i l i t y  an d  v a p o r  p r e s s u r e ;  h o w ev e r, t h e r e  a r e  
e x c e p t io n s  i n  w h ich  th e  e f f e c t  o f  te m p e r a tu r e  o r  s o l u b i l i t y  i s  su c h  
t h a t  in c r e a s e d  a d s o r p t io n  o c c u r s  a t  h ig h  te m p e ra tu r e  (4 5 ) .
A lth o u g h  l e a c h in g  and  movement o f  h e r b i c i d e s  i n  s o i l  i s  
in f lu e n c e d  by  th e  d e g re e  o f  a d s o r p t i o n ,  th e  r e l a t i o n s h i p  b e tw ee n  
a d s o r p t io n  and  movement i s  n o t  f u l l y  t in d e r s to o d .  U pchurch  and  
P ie r c e  (1 3 0 ,1 3 1 )  s u g g e s te d  t h a t  a t  l e a s t  two p r o c e s s e s  w ere  in v o lv e d  
in  th e  l e a c h a b i l i t y  o f  a  h e r b i c i d e :  (1 ) e n t r a n c e  o f  th e  compound
i n t o  s o l u t i o n  and  (2 ) a d s o r p t i o n  o f  t h e  compound to  s o i l  p a r t i c l e s .
The e n t r a n c e  o f  th e  h e r b i c i d e  i n t o  s o l u t i o n  ca n  ta k e  p la c e  e i t h e r
from  th e  d i s s o l u t i o n  o f  th e  h e r b i c i d e  p r e s e n t  i n  p a r t i c u l a r
form  o r  from  th e  d e s o r p t io n  o f  h e r b i c i d e  p r e s e n t  on c o l l i d a l  s u r f a c e .
S e v e r a l  i n v e s t i g a t o r s  s t a t e d  t h a t  th e  le a c h in g  o r  movement o f  
many h e r b i c i d e s  was g r e a t e r  i n  l i g h t - t e x t u r e d  s o i l  th a n  h e a v y - te x tu r e d  
s o i l  ( 3 9 ,4 1 ,5 0 ,5 6 ,9 4 ,1 0 2 ) .  G ray and  W e ie r ic h  (4 6 ) fou n d  t h a t  
le a c h in g  o f  EPTC and m o l in a te  ( S - e th y l  h e x a h y d ro -1  H -a z e p in e -1 -  
c a r b o t h io a t e )  i n  g l a s s  co lum ns c o n t a in in g  m in e r a l  s o i l s  was fo u n d  
to  b e  d i r e c t l y  c o r r e l a t e d  w i th  d e g re e  o f  s o l u b i l i t y  o f  th e  h e r b i c i d e s .  
The d e p th  o f  l e a c h in g  d e c re a s e d  a s  th e  c l a y  c o n te n t  o f  th e  s o i l s  
in c r e a s e d .  The same r e s u l t s  w ere  o b ta in e d  when T a l b e r t  e t  a l  (126) 
s tu d i e d  th e  movement o f  am iben  and  i t s  d e r i v a t i v e  i n  A rk an sas  s o i l .  
They r e p o r te d  t h a t  i n  C row ley  s i l t  loam  and s h a rk e y  c la y  s o i l
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movement o f  th e  h e r b i c id e s  o c c u r r e d  v e ry  s lo w ly .  The d e g re e  o f  
a d s o r p t io n  o f  th e  h e r b i c id e s  was v e ry  h ig h  in  th e s e  two s o i l  ty p e s .
Many i n v e s t i g a t o r s  have  s u g g e s te d  a  s t r o n g  i n t e r a c t i o n  b e tw ee n  
h e r b i c id e s  and  th e  o r g a n ic  m a t t e r  c o n te n t  o f  th e  s o i l .  Day (3 2 ,3 3 )  
fou n d  a  b ro a d  p o s i t i v e  c o r r e l a t i o n  b e tw een  a d s o r p t io n  o f  
th e  h e r b i c i d e s  and  b o th  s o i l  o r g a n ic  m a t t e r  and  c la y  c o n t e n t ,  b u t  
n e i t h e r  w ere  p e r f e c t . .  G ray and  W e ie r ic h  (4 6 ) r e p o r te d  t h a t  
l e a c h in g  o f  EPTC and  v e m o l a t e  (S -p ro p y l  d ip r o p y l th io c a r b a m a te )  was 
d e c re a s e d  a s  o r g a n ic  m a t t e r  o f  th e  s o i l  in c r e a s e d .  No movement 
o u t  o f  th e  t r e a t e d  zone was d e t e c t e d  i n  th e  p e a t  s o i l  w h ich  c o n ta in e d  
35 p e r c e n t  o r g a n ic  m a t t e r .  R o d g ers  (107 ) fo u n d  th e  same r e s u l t s  
when h e  o b s e rv e d  th e  le a c h in g  o f  s - t r i a z i n e  h e r b i c i d e s  i n  th e  
L a k e la n d  f i n e  san d y  loam  c o n ta in in g  0 .2  p e r c e n t  o r g a n ic  m a t t e r .
S im i la r  r e s u l t s  w ere  m e n tio n e d  by  many i n v e s t i g a t o r s  when th e y  
w orked w i th  v a r io u s  k in d s  o f  h e r b i c i d e s  ( 2 8 ,3 8 ,4 2 ,4 6 ,4 7 ,5 7 ,1 1 3 ,1 3 1 ,
1 3 3 ) .
B a i le y  and  W h ite  (12 ) p o s t u l a t e d  th e  f o u r  p r i n c i p l e  m eans f o r  
h e r b i c i d e  t r a n s l o c a t i o n  i n  s o i l  a s  f o l lo w s :  (1 ) d i f f u s i o n  i n  th e
a i r  s p a c e  o f  t h e  s o i l  (2 ) d i f f u s i o n  i n  s o i l  w a te r  (3 ) downward 
f lo w in g  w a te r  and  (4 ) upw ard m oving w a te r .
Downward movement d e te r m in a t io n s  o f  a  num ber o f  h e r b i c id e s  
h av e  b e e n  c o n d u c te d  in  s o i l  colum n e x p e r im e n ts .  P l a n t  b io a s s a y s  
h av e  b e e n  em ployed  to  d e t e c t  th e  d e p th  o f  l e a c h in g  ( 5 ,4 1 ,4 3 ,4 6 ,1 0 7 ,
1 3 0 ) , a s  w e l l  a s  th e  u se  o f  r a d i o a c t i v e l y  l a b e l e d  h e r b i c id e  i n  t h i s  ty p e  
o f  s tu d y  (1 1 6 ) .  A nderson  e t  a l  (5 ) c o n c lu d e d  fro m  t h e i r  l e a c h in g  
e x p e r im e n t u s in g  th e  seg m en ted  s o i l  colum n te c h n iq u e s  t h a t  n i t r a l i n
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( 4 - ( r a e th y l s u l f o n y l ) - 2 ,6 - d i n i t r o - N ,N - d ip r o p y l a n i l i n e )  was by  f a r  
more e a s i l y  le a c h e d ,  th a n  b e n e f in  ( N - b u t y l - N - e t h y l - a , a , a - t r i f l u o r o -  
2 , 6 - d i n i t r o - p - t o l u i d i n e )  and  t r i f l u r a l i n ,  ev en  th o u g h  t h e i r  w a te r  
s o l u b i l i t y  was th e  sam e. D i s s i m i l a r  r e s u l t s  w ere  fo u n d  by  R odgers  
(107) who c la im e d  t h a t  th e  l e a c h in g  o f  s e v e n  s - t r i a z i n e  h e r b i c id e s  
was in f lu e n c e d  by  th e  s o l u b i l i t y  o f  ea c h  i n d i v i d u a l  h e r b i c i d e .  The 
same r e s u l t s  w ere  fo u n d  to  b e  t r u e  w i th  CP-50144 ( 2 - c h l o r o - 2 ,6 - d i e t h y 1 -  
N - (m e th o x y m e th y l) a c e ta n i l id e )  and  th io c a rb a m a te  h e r b i c i d e s  by 
E s h e l  (43 ) and  G ray and  W e ie r ic h  (4 6 ) .
D a ta  from  D av idson  and S an te lm an n  (30 ) s u g g e s te d  t h a t  m ore 
d iu ro n  was a d s o rb e d  by  th e  g l a s s  b e a d  s y s te m  th a n  f lu o m e tu ro n . The 
h e r b i c i d e  c o n c e n t r a t i o n  d i s t r i b u t i o n  in  th e  e f f l u e n t  fro m  a  p o ro u s  
m a t e r i a l  ( s o i l  o r  g l a s s  b e a d s )  i s  d e p e n d e n t upon m o le c u la r  d i f f u s i o n ,  
p o re  w a te r  v e l o c i t y  d i s t r i b u t i o n ,  and  p h y s i c a l  an d  c h e m ic a l p r o c e s s e s  
w i th i n  th e  m a t e r i a l .
A sh to n  (6 ) d e m o n s tra te d  t h a t  th e  l a t e r a l  movement o f  h e r b i c id e s  
r e s u l t e d  from  th e  l a t e r a l  movement o f  c a p i l l a r y  w a te r  u n d e r  fu rro w  
i r r i g a t i o n .
M urray e t  a l  (92 ) p o s tu l a t e d  t h a t  some w a te r  s o lu b le  h e r b i c i d e s  
r e a c te d  w ith  v a r io u s  s o i l  c o n s t i t u e n t s  t o  fo rm  com ponents o f  compounds 
t h a t  a r e  r e l a t i v e l y  i n s o l u b l e ,  and  t h a t  th e s e  compounds may r e s i s t  
l e a c h in g  and  d e g r a d a t io n  and  a r e  r e l a t i v e l y  im m ob ile  i n  s o i l .
D esm oras e t  a l  (35 ) r e p o r te d  from  t h e i r  e x p e r im e n t w ith  
o x a d ia z o n  i n  E u rope  t h a t  p reem erg en ce  a p p l i c a t i o n  o f  2 and  4 kg o f  
a c t i v e  m a t e r i a l  p e r  h e c t a r e  o f  t h i s  h e r b i c i d e  l a s t e d  o v e r  a  s i x  
m onth p e r io d ,  and  a f t e r  a  two y e a r  p e r io d  a t  th e  r a t e  o f  4 kg a i / h a  
th e  r e s id u e  was fo u n d  to  b e  1 ppm. W ater and  r a i n f a l l  h ad  l i t t l e
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le a c h in g  o f  fec i, on t h i s  h e r b i c id e  m ost o f  w h ich  s ta y e d  in  th e  to p  
5 -  10 cm l a y e r .  L ea ch in g  d id  n o t  show a  s te a d y  v a r i a t i o n  w ith  tim e .
I I I .  P h o to d e g ra d a t io n
The r a t e  o f  d is a p p e a ra n c e  o f  a  h e r b i c i d e  fro m  s o i l  i s  one o f  
th e  key  p r o p e r t i e s  i n  d e te rm in in g  i t s  u t i l i t y .  I n  some c a s e s  i t  
i s  d e s i r a b l e  to  m a in ta in  s e l e c t e d  h e r b i c i d e  c o n c e n t r a t i o n s  i n  th e  
s o i l  a s  lo n g  a s  p o s s i b l e .  I n  o t h e r  c a s e s ,  r a p i d  d i s s i p a t i o n  i s  
d e s i r a b l e  a f t e r  a  g iv e n  e f f e c t  h a s  b e e n  p ro d u c e d . U nder f i e l d  
c o n d i t io n s  th e  l o s s  o f  a  h e r b i c i d e  o r  a  d e c r e a s e  i n  i t s  e f f e c t i v e n e s s  
may b e  c a u se d  by  a d s o r p t i o n ,  l e a c h in g ,  v o l a t i l i z a t i o n ,  c h e m ic a l 
d e g r a d a t io n ,  p h y s i c a l  d e g r a d a t io n  o r  b i o l o g i c a l  d e t o x i c a t i o n .
U l t r a v i o l e t  l i g h t  h a s  b e e n  shown to  c a u s e  d r a s t i c  ch an g es 
i n  many h e r b i c i d e s  u n d e r  l a b o r a t o r y  c o n d i t io n s  ( 2 7 ,5 1 ,6 1 ,6 3 ,6 4 ,9 5 ,  
9 6 ,1 4 3 ) .  I f  s i m i l a r  r e a c t i o n s  ta k e  p la c e  u n d e r  f i e l d  c o n d i t i o n s ,  
th e  r e s u l t s  s h o u ld  b e  o f  m a jo r  im p o r ta n c e  t o  e n v i ro n m e n ta l  s t a b i l i t y  
and  th e  p r a c t i c a l  u s e  o f  th e s e  s u b s t a n c e s .  The d e t a i l e d  c h e m is try  
and  t o x i c i t y  o f  th e  r e s u l t i n g  d e c o m p o s i tio n  p r o d u c t  w ou ld  b e  
s i g n i f i c a n t  to  b o th  a g r i c u l t u r e  and  p u b l i c  h e a l t h .
P h o to d e g r a d a t io n ,  o r  d e g r a d a t io n  o f  h e r b i c i d e s  b y  l i g h t ,  i s  
l i k e l y  to  b e  a  m in o r f a c t o r  i n  a r e a s  w i th  f r e q u e n t  r a i n s  and  l i t t l e  
i n t e n s e  s u n s h in e .  I n  th e  S o u th w e s t, a  s u n n y , a r i d  s e c t i o n  o f  th e  
U n ite d  S t a t e s ,  p h o to d e c o m p o s it io n  may b e  a  m a jo r  f a c t o r  i n  th e  l o s s  
o r  m o d i f ic a t io n  o f  h e r b i c i d e s  a p p l i e d  to  th e  s o i l  s u r f a c e  ( 6 3 ) .
P re v io u s  s t u d i e s  h av e  shown some e f f e c t  o f  v i s i b l e  l i g h t  upon 
h e r b i c i d a l  a c t i v i t i e s .  P ayne and  F u l t  (9 6 ) fo u n d  an  in c r e a s e  i n  
th e  a c t i v i t y  o f  2 ,4 -D  (2 ,4 -d ic h L o ro p h e n o x y  a c e t i c  a c id )  i n  b o th  th e
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am ine and  ammonium s a l t s  when ex p o sed  to  l i g h t .  B ut when th e  s o l u t i o n  
c o n ta in in g  2 ,4 -D  and  r i b o f l a v i n  was ex p o sed  to  l i g h t  th e  a c t i v i t y  
o f  2 ,4 -D  was re d u c e d  ( 5 1 ) .  The breakdow n p r o d u c t  o f  2 ,4 -D  by l i g h t  
w as r e p o r te d  to  b e  2 ,4 - d i c h lo r o p h e n o l  ( 1 6 ) .  A ly and  F a u s t  (3) 
c o n d u c te d  p h o to d e to x ic a t io n  e x p e r im e n ts  w i th  2 ,4 -D  and  t h e i r  d e r iv a ­
t i v e s  i n  n a t u r a l  s u r f a c e  w a te r  and  s u g g e s te d  t h a t  p h o to l y s i s  o f  2 ,4 -D  
and t h e i r  e s t e r  d e r i v a t i v e s  o c c u r r e d  f a s t e r  a t  pH 9 th a n  7 o r  4 and  
t h a t  th e  r e a c t i o n  was a  p H -d ep en d en t phenom enon. The e f f e c t  o f  a r t i f i ­
c i a l  l i g h t  and  n a t u r a l  l i g h t  w ere  th e  same i n  t h i s  s tu d y .  S im i la r  
r e s u l t s  w ere  c o n f irm e d  by  C rosby  and  T u ta s s  ( 2 7 ) .
H i l l  e t  a l  (5 8 ) fo u n d  t h a t  i f  m onuron ( 3 - ( p - c h l o r o p h e n y l ) - l , l -  
d im e th y lu r e a )  w as e x p o se d  to  s u n l i g h t  f o r  a b o u t 48 h o u rs  th e  h e r b i c i d a l  
a c t i v i t y  was re d u c e d  b y  83 p e r c e n t .  W eldon and  Timmons (139) o b s e rv e d  
th e  d e g re e  o f  d i s s i p a t i o n  o f  m onuron and  d iu ro n  b y  u l t r a v i o l e t  l i g h t .  
They r e p o r t e d  t h a t  d iu r o n  a p p e a re d  to  b reakdow n  m ore r a p i d l y  th a n  
m cnuron .
J o rd a n  e t  a l  (6 3 ) em p h asized  t h a t  p h e n y lu re a  h e r b i c i d e s  u s u a l ly  
u n d e rg o  p h o to d e c o m p o s it io n  by  s u n l i g h t  o r  u l t r a v i o l e t  l i g h t  m ore 
e a s i l y  and  r a p i d l y  th a n  t r i a z i n e  h e r b i c i d e s .  Dewey (3 7 ) i n d i c a t e d  
tl  a t  h e r b i c i d a l  a c t i v i t y  o f  s i i r a z in e  was re d u c e d  a f t e r  i r r a d i a t i o n  
w i th  a  m e rc u ry  v a p o r  lam p .
M e sse rsm ith  e t  a l  (87 ) r e p o r te d  from  t h e i r  e x p e r im e n ts  w ith  
14l a b e l e d  C - t r i f l u r a l i n  i n  s o i l  t h a t  p h o to d e c o m p o s it io n  o f  t r i f l u r a l i n  
was v e ry  s m a l l  u n d e r  n a t u r a l  s u n l i g h t  and  th e  p r o d u c ts  o f  i n a c t i v a t i o n  
o f  t h i s  h e r b i c i d e  w ere  p h y to to x ic .  W rig h t and  W arren (143) co n c lu d e d  
from  t h e i r  e x p e r im e n t w i th  t r i f l u r a l i n  t h a t  i f  t h i s  h e r b i c i d e  was 
e x p o se d  to  4 ,0 0 0  f o o t - c a n d le s  o f  l i g h t  fro m  an  a r t i f i c i a l  s o u rc e
16
f o r  a b o u t fo u r  to  s i x  h o u r s ,  i t s  h e r b i c i d a l  a c t i v i t y  w as d e s t r o y e d  
s i g n i f i c a n t l y ,  w h ile  th e  e x p o su re  o f  th e  same h e r b i c i d e  to  n a t u r a l  
s u n l i g h t  on s o i l  s u r f a c e  p ro v id e d  l e s s  s i g n i f i c a n t l y  r e d u c t io n  
o f  th e  a c t i v i t y .
S h e e ts (1 1 2 )  s u g g e s te d  t h a t  e x p o s u re  o f  chloram iben (3 -a m in o -
2 ,5 - d i c h lo r o b e n z o ic  a c id )  to  a  sun lam p from  f o u r  to  s i x  h o u rs  
r e s u l t e d  i n  a  s l i g h t  s h i f t  i n  u l t r a v i o l e t  a b s o rb a n c e  maximum from  
290 to  300 m i l l i m ic r o n s ,  and a  d e c r e a s e  i n  a d s o rb a n c e  b e tw e e n  210 
and  220 m i l l i m i c r o n s . I s e n s e e  e t  a l  (61 ) c o n firm e d  t h a t  m e th y l 
e s t e r s  o f  ch lo ram b en  l o s t  40 to  60 p e r c e n t  o f  t h e i r  o r i g i n a l  h e r b i c i d a l  
a c t i v i t y  a f t e r  two to  f o u r  h o u rs  o f  i r r a d i a t i o n  i n  th e  l a b o r a t o r y ,  
b u t  t h a t  s o l a r  i l l u m i n a t i o n  re d u c e d  i t s  a c t i v i t y  on  th e  s o i l  s u r f a c e  
by 11 to  14 p e r c e n t  and  h ad  no e f f e c t  on N -b e n z o y l am iben .
IV . S o i l  m o is tu r e
Numerous p u b l i c a t i o n s  h av e  a p p e a re d  w h ich  r e p o r t e d  t h a t  th e  
p h y t o t o x i c i t y  o f  a  h e r b i c id e  i s  a f f e c t e d  b y  many f a c t o r s  in c lu d in g  
th e  m o is tu r e  c o n te n t  o f  th e  s o i l  ( 1 2 ,1 7 ,4 8 ,6 5 ,7 2 ,9 0 ,1 0 6 ,1 1 3 ,1 2 6 ,1 3 1 ) .  
V a rio u s  m echanism s h av e  b e e n  p o s t u l a t e d  t o  a c c o u n t  f o r  th e s e  e f f e c t s ,  
b u t  th e  r e s u l t s  p u b l i s h e d  to  d a te  h av e  n o t  s u c c e e d e d  i n  e s t a b l i s h i n g  
th e  n e c e s s a r y  q u a n t i t a t i v e  r e l a t i o n s h i p  b e tw e e n  d i f f e r e n t  m echan ism s.
U pchurch (1 2 9 ) ,  i n  a  s tu d y  o f  th e  i n f l u e n c e  o f  s o i l  m o is tu r e  
c o n te n t  on th e  re s p o n s e  o f  c o t to n  p l a n t s  to  h e r b i c i d e s  r e a c h e d  
th e  c o n c lu s io n  t h a t  d iu ro n  was n o t  o n ly  r e l a t i v e l y  m ore t o x i c  u n d e r  
h ig h  s o i l  m o is tu r e  c o n d i t io n s  th a n  low  m o is tu r e  c o n d i t i o n s ,  b u t  i t  
was more t o x i c  from  an a b s o lu t e  s t a n d  p o i n t  w hich  h e  c a l c u l a t e d  
from  th e  r e g r e s s i o n  v a lu e  o f  th e  h e r b i c i d e  com ponen t. U pchurch
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(112 ) c o n c lu d e d  in  th e  fo l lo w in g  y e a r ,  to  s u p p o r t  h i s  p re v io u s  
w ork on th e  s o r p t i o n  phenom enon, t h a t  th e  g row th  re s p o n s e  o f  c o t to n  
to  d iu ro n  was h ig h ly  c o r r e l a t e d  to  o r g a n ic  m a t t e r  c o n t e n t ,  c a t i o n  
ex ch a n g e  c a p a c i t y  (C .E .C .)  and  m o is tu r e  c o n te n t  o f  th e  s o i l .  The 
c o n c e n t r a t i o n  o f  d iu r o n  i n  s o i l  w a te r  p h a s e  was a  f u n c t io n  o f  th e  
s o r p t i o n  c o e f f i c i e n t  o r  d i s t r i b u t i o n  c o e f f i c i e n t  (Kp) o f  t h i s  
h e r b i c i d e .  T h is  phenom enon was s u p p o r te d  by th e  w ork o f  L am bert 
e t  a l  (7 3 ) .
G ro v e r (47 ) r e p o r t e d  t h a t  s o i l  m o is tu r e  l e v e l s  h ad  a  m arked 
e f f e c t  on  th e  t o x i c i t y  o f  s im a z in e  to  o a t s  b e c a u se  i t  to o k  a lm o s t 
t h r e e  t im e s  a s  much s im a z in e  to  g iv e  a  50 p e r c e n t  r e d u c t io n  o f  th e  
to p  g ro w th  a t  30 p e r c e n t  m o is tu r e  a s  a t  60 p e r c e n t .
R e c e n t ly ,  G ro v e r (48 ) exam ined  th e  i n f l u e n c e  o f  s o i l  m o is tu r e  
on th e  b i o a c t i v i t y  o f  p ic lo r a m  i n  o r d e r  to  t e s t  th e  v a l i d i t y  o f  
L a m b e r t 's  a s s u m p tio n  on th e  e f f e c t s  o f  m o is tu r e  v e r s u s  h e r b i c i d a l  
r e s p o n s e .  He fo u n d  t h a t  th e  b i o a c t i v i t y  o f  p ic lo r a m  d e c re a s e d  a s  
s o i l  m o is tu r e  c o n te n t  in c r e a s e d .  T h is  was due to  th e  e f f e c t  o f  
v a r y in g  s o i l - m o i s t u r e  l e v e l s  on th e  c o n c e n t r a t i o n  o f  h e r b i c id e  i n  
th e  s o i l  w a te r  p h a s e .
K r ie s  (72 ) r e p o r t e d  t h a t  i n a c t i v a t i o n  o f  2 ,4 -D  o c c u r r e d  more 
r a p i d l y  d u r in g  s t o r a g e  o f  a  m o is t  s o i l  th a n  a  d ry  s o i l .  The 
f o l lo w in g  y e a r  Brown and  M i tc h e l l  (17 ) c o n f irm e d  t h a t  p h y t o t o x i c i t y  
o f  2 ,4 -D  w as i n f lu e n c e d  s i g n i f i c a n t l y  b y  s o i l  m o is tu r e  l e v e l  
d u r in g  s t o r a g e .  Sam ples s t o r e d  a t  h ig h e r  l e v e l s  o f  s o i l  m o is tu re  
w ere  l e s s  t o x i c  th a n  th e  sa m p le s  s t o r e d  a t  lo w e r  m o is tu r e  l e v e l s .
The d e g re e  o f  i n a c t i v a t i o n  d e c r e a s e d  a s  th e  tim e  o f  s to r a g e  in c r e a s e d .
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S t i c k l e r  e t  a l  (125 ) s u g g e s te d  from  t h e i r  g re e n h o u se  e x p e r im e n ts  
t h a t  th e  e f f e c t i v e n e s s  o f  EPTC and am iben  in c r e a s e d  w i th  i n c r e a s in g  
s o i l  m o is tu r e  from  25 to  37 p e r c e n t ,  th e  e f f e c t i v e n e s s  o f  t r i f l u r a l i n  
d e c r e a s e d  upon in c r e a s i n g  th e  s o i l  m o is tu r e ,  and  in c r e a s in g  s o i l  
m o is tu r e  h ad  no  e f f e c t  on p r o p a c h lo r  ( 2 - c h l o r o - N - i s o p r o p y l a c e t a n i l i d e ) .
Kaufman e t  a l  (67 ) r e p o r te d  s i m i l a r l y  t h a t  d e g r a d a t io n  o f  
c a rb a m a te  h e r b i c i d e s  i n  s o i l  o c c u r r e d  r a p i d l y  a t  h ig h  m o is tu r e  and  
te m p e r a tu r e  s to r a g e  c o n d i t i o n s .  The a c t u a l  m echanism  o f  d e g ra d a t io n  
w as c le a v a g e  a t  th e  e s t e r  l i n k a g e .  J o rd a n  e t  a l  (65 ) p ro p o s e d  t h a t  
CIPC, EPTC, t r i f l u r a l i n  and  p ro m e try n e  p e rfo rm e d  b e t t e r  i n  m o is t  
s o i l  th a n  i n  d ry  s o i l .  The b r e a k in g  down m echanism  o f  t r i f l u r a l i n  
i n  s o i l s  w as c o n f irm e d  to  o c c u r  m ore r a p i d l y  i n  sam p le s  w ith  h ig h e r  
m o is tu r e  th a n  sam p le s  w i th  lo w e r m o is tu r e  ( 8 7 ,9 0 ,1 0 6 ) .
S k ip p e r  and  V olk (121 ) s u g g e s te d  t h a t  m o is tu r e  was th e  m ost 
c r i t i c a l  f a c t o r  i n  d e t o x i c a t i o n  o f  a t r a z i n e  i n  O regon s o i l  v i a  a  
c h e m ic a l  h y d r o l y s i s  m echanism .
CMU (m onuron) was r e p o r t e d  to  p e r s i s t  a s  lo n g  a s  e i g h t  m onths 
u n d e r  d ry  f i e l d  c o n d i t i o n s ,  w h i le  u n d e r  m o is t ,  warm c o n d i t io n s  i t  
w as r e p o r t e d  to  d e g ra d e  m ore r a p i d l y  ( 7 8 ,1 1 5 ) .
S h e e ts  e t  a l (1 1 3 )  fo u n d  t h a t  a l t e r a t i o n  o f  s o i l  m o is tu r e  
b e tw e e n  m o is t  and  d ry  c o n d i t io n s  re d u c e d  th e  d e g re e  o f  p h y to t o x ic i t y  
o f  d icam b a  ( 3 ,6 - d i c h l o r o - o - a n i s i c  a c id )  and  tr ic a m b a  ( 3 ,5 , 6 -  
t r i c h l o r o - o - a n i s i c  a c id )  w i th  i n c r e a s i n g  s to r a g e  tim e .
T a l b e r t  e t  a l  (126) d e m o n s tra te d  t h a t  no  h y d r o ly s i s  o f  am iben 
to o k  p la c e  i n  d ry  s o i l  and  v e ry  l i t t l e  o c c u r r e d  u n d e r  s a t u r a t e d  
c o n d i t i o n s .
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P lim m er e t  a l  (98 ) s u g g e s te d  t h a t  f r e e  r a d i c a l  p r o c e s s e s  
o c c u r r in g  in  th e  s o i l  m ig h t p la y  an im p o r ta n t  p a r t  i n  d e g r a d a t io n  
o f  many h e r b i c i d e s .  The f o l lo w in g  y e a r ,  P lim m er e t  a l  (99 ) r e p o r te d  
from  t h e i r  e x p e r im e n ts  t h a t  f r e e  r a d i c a l s  g e n e r a te d  from  s o i l  o r g a n ic  
m a t t e r  c a u s e d  N - d e a lk a la t i o n  o f  s - t r i a z i n e  h e r b i c i d e s  and  w ere  
r e s p o n s ib l e  f o r  th e  d e t o x ic a t io n  o f  th e s e  com pounds. S im i la r  
r e s u l t s  w ere  fo u n d  and  c o n f irm e d  by  Kaufman e t  a l  ( 6 8 ) .
V. B io l o g ic a l  d e g r a d a t io n
B io l o g ic a l  d e g r a d a t io n  o f  h e r b i c i d e s  i s  th e  m ost s i g n i f i c a n t  
f a c t o r  a f f e c t i n g  th e  r e s i d u a l  l i f e  an d  t o x i c i t y  o f  many h e r b i c id e s  
i n  s o i l s .  S o i l  m ic ro o rg a n ism s  may a c t  upon a  h e r b i c i d e  i n  s e v e r a l  
w ay s . One m echan ism  may in v o lv e  d e g r a d a t io n  w i th  u l t i m a t e  d e to x ic a ­
t i o n  a n d /o r  m e ta b o lism  o f  th e  h e r b i c i d e ,  w h e re a s  a n o th e r  m echanism  
may in v o lv e  th e  a c t i v a t i o n  o r  t o x i c a t i o n  o f  an  i n i t i a l l y  n o n to x ic  
c h e m ic a l .  S t i l l  a n o th e r  m echanism  may in v o lv e  th e  t r a n s f o r m a t io n  
o f  a  to x i c  m o le c u le  i n t o  a  p r o d u c t  w h ich  e x e r t s  some b e n e f i c i a l  
i n f l u e n c e  upon h ig h e r  p l a n t s ,  s o i l  f a u n a ,  o r  th e  m ic ro o rg a n is m  
i t s e l f .  Such r e a c t i o n s  h a v e  b e e n  o b s e rv e d  d u r in g  th e  m ic r o b ia l  
d e g r a d a t io n  o f  a  num ber o f  h e r b i c i d e s .
When p e r s i s t e n c e  o f  h e r b i c i d e s  i n  s o i l  was f i r s t  s t u d i e d  by 
a n a ly z in g  a  s e r i e s  o f  sam p le s  ta k e n  a t  r e g u l a r  tim e  i n t e r v a l s  
from  a  t r e a t e d  s o i l  e i t h e r  i n  th e  f i e l d  o r  u n d e r  l a b o r a t o r y  c o n d i t i o n s ,  
i t  becam e c l e a r  t h a t  a  s t r o n g  c o r r e l a t i o n  e x i s t e d  b e tw ee n  th e  r a t e  
o f  h e r b i c i d e  d is a p p e a ra n c e  an d  th e  e x t e n t  to  w h ich  th e  c o n d i t io n s  
o f  th e  s o i l  w ere  f a v o r a b le  to  b a c t e r i a l  g ro w th . The m ost common 
e a r l i e r  e x p e r im e n ts  w ere  c o n d u c te d  w i th  com pounds su c h  a s  2 ,4 -D ,
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w hose d is a p p e a r a n c e  was f a v o re d  by su ch  s o i l  c o n d i t io n s  a s  w arm th 
and m o is tu r e  ( 1 7 ,3 4 ,5 6 ,7 2 ,8 8 ,1 3 5 ) .
Brown and  M i tc h e l l  (17 ) show ed th e  e f f e c t  o f  s t o r a g e  te m p e ra tu re  
on th e  r a t e  o f  r e c o v e ry  from  s o i l  o f  2 ,4 -D . They r e p o r t e d  t h a t  a  
low  te m p e r a tu r e  o f  a b o u t 36°F  g r e a t l y  d e p r e s s e d  th e  d e g re e  o f  
re c o v e ry  o f  2 ,4 -D  from  t r e a t e d  s o i l  a s  com pared  t o  te m p e ra tu r e s  
o f  50°F  and  7 0 °F . The i n a c t i v a t i o n  p r o c e s s  u n d e r  a  low  te m p e ra tu re  
c o u ld  b e  due to  t h e  c h e m ic a l d e c o m p o s i tio n  o f  th e  m o le c u le .  The 
n a t u r e  o f  th e  r e s u l t s  i n d i c a t e d  t h a t  th e  te m p e ra tu r e  e f f e c t s  c o u ld  
n o t  b e  e x p la in e d  i n  s im p le  therm odynam ic  te rm s .  The b a c t e r i a l  
p r o l i f e r a t i o n  t h a t  a cco m p an ies  h ig h e r  te m p e ra tu r e s  c a u s e s  much more 
r a p i d  b reakdow n  o f  th e  h e r b i c i d e .  DeRose and Newman (3 4 ) c o n firm e d  
t h a t  2 ,4 -D  and  2 ,4 ,5 - T  w ere  c o m p le te ly  d e s t r o y e d  w i th i n  36 t o  200 
clays, r e s p e c t i v e l y ,  when th e y  w ere  s t o r e d  a t  30°C , and  b o th  h e r b i c id e s  
p e r s i s t e d  lo n g e r  w hen b e in g  s t o r e d  a t  10°C . They f u r t h e r  s u g g e s te d  
h a t  th e  d e g re e  o f  p h y t o t o x i c i t y  o f  2 ,4 -D  o r  2 ,4 ,5 - T  w as re d u c e d  
re m e n d o u sly  u n d e r  m o is tu r e  c o n d i t io n s  o f  100 p e r c e n t .  Audus (8 ) 
m e n tio n ed  t h a t  th e  p r o c e s s  o f  d e t o x i c a t i o n  o f  2 ,4 -D  d id  n o t  in v o lv e  
h e  o x id a t io n  phenom enon b u t  t h a t  th e  p r o d u c t  o f  d e t o x i c a t i o n  was 
a r o o t- g r o w th  s t i m u l a n t .
Akamine ( 1 ) ,  s tu d y in g  th e  tim e  c o u rs e  o f  2 ,4 -D  d e t o x ic a t io n  
i n  v a r io u s  s o i l s  and  i t s  r e l a t i o n  to  th e  t o t a l  num ber o f  b a c t e r i a  
i n  th o s e  s o i l s ,  fo u n d  t h a t  th e  d is a p p e a r a n c e  o f  th e  h e r b i c i d e  
was h ig h ly  r e l a t e d  to  th e  num ber o f  b a c t e r i a  i n  s o i l s B y  u s in g  
th e  a u t o c l a v e ,  w h ich  w i l l  k i l l  a l l  o f  th e  s o i l  m ic ro o rg a n is m s , many 
i n v e s t i g a t o r s  ( 1 7 ,3 4 ,5 8 ,1 1 1 )  w ere  a b le  t o  r e p o r t  t h a t  p h y t o t o x i c i t y  o f  
th e  h e r b i c i d e  i s  h ig h e r  i n  a u to c la v e d  th a n  n o n a u to c la v e d  s o i l .
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Audus ( 9 ) ,  and  Newman and  Thomas (9 1 ) r e p o r te d  t h a t  d e c o m p o s itio n  
o f  phenoxy h e r b i c i d e s  by m ic ro o rg a n ism s  was a  s p e c i f i c  and  s e l e c t i v e  
phenom enon b e c a u s e  th e  m ixed  c u l t u r e s  from  s o i l s  p r e v io u s ly  t r e a t e d  
w i th  2 ,4 -D  w ere  m ore a c t i v e  th a n  c u l t u r e s  from  u n t r e a t e d  s o i l s  in  
te rm s  o f  2 ,4 -D  d e c o m p o s i t io n ,  an d  th e  2 ,4 -D  e n r ic h e d  s o i l  w ou ld  n o t  
d e t o x i c a t e  2 ,4 ,5 - T .
Phenoxy h e r b i c i d e s  d e g ra d e  i n  d i f f e r e n t  m a n n e rs ( 3 4 ) .T he h e r b i c id e s
2 ,4 -D , MCPA, and  2 ,4 ,5 - T ,  i n  in c u b a te d  s o i l  w ere  fo u n d  to  b e  d e g ra d e d  
i n  th e  r a t i o  o f  8 : 8 : 1 .  S im i la r  r e s u l t s  w ere  fou n d  to  b e  t r u e  w ith  
c a rb a m a te  h e r b i c i d e s  (9 5 ) .
A le x a n d e r  and  Aleem (2 ) and  Audus (9 ) p o s t u l a t e d  t h a t  s u b s t i t u t i o n  
o f  a  m e th y l g ro u p  f o r  a  c h lo ro - g r o u p  i n  th e  o r th o  p o s i t i o n  o f  2 ,4 -D  
o r  th e  i n t r o d u c t i o n  o f  a  t h i r d  c h l o r i d e  i n t o  th e  r i n g ,  r e s u l t e d  
i n  a  c o n s id e r a b le  i n c r e a s e  i n  r e s i s t a n c e  to  b a c t e r i a l  a t t a c k  (3 4 ) .
H i l l  e t  a l  (5 8 ) d e m o n s tra te d  t h a t  fe n u ro n  f u r n i s h e d  th e  c a rb o n  
s o u r c e  f o r  a  s o i l  b a c te r iu m  o f  th e  Pseudom onas g ro u p . S im i la r  
r e s u l t s  by o t h e r  i n v e s t i g a t o r s  ( 2 0 ,6 9 ,8 1 )  w ere  fo u n d  w i th  s - t r i a z i n e  
h e r b i c i d e s .
S h e e ts  and C r a f t s  (111) i n d i c a t e d  t h a t  m onuron , d iu ro n  and 
f e n u ro n  seem ed to  b e  m ore to x i c  i n  a u to c la v e d  s o i l  th a n  i n  n o n a u to -  
c l a v e d  s o i l .  They a l s o  m e n tio n e d  t h a t  m ic ro o rg a n ism s  o r  t h e i r  
p r o d u c ts  w ere  im p o r ta n t  i n  th e  b reakdow n o f  th e s e  p h e n y lu re a  h e r b i c id e s  
i n  s t e r i l i z e d  s o i l .
S tu d y  o f  th e  k i n e t i c s  o f  h e r b i c i d e  d is a p p e a ra n c e  from  th e  s o i l  
s u g g e s t s  t h a t  i f  t h e  breakdow n w ere  p u r e ly  c h e m ic a l ,  i t  c o u ld  be 
e x p e c te d  to  s t a r t  a t  i t s  maximum r a t e  a s  so o n  a s  th e  h e r b i c i d e  was
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a p p l i e d  to  th e  s o i l ,  and to  c o n t in u e  p ro b a b ly  a s  a  f i r s t - o r d e r  
r e a c t i o n .  T h i s ,  i n  f a c t ,  h a d  b e e n  shown to  b e  so  f o r  s im a z in e  
by B u r s c h e l ( 2 3 ) .
B re a k in g  down o f  t h e  h e r b i c id e s  by s o i l  b a c t e r i a ,  on  th e  o th e r  
h a n d , s h o u ld  show q u i t e  a  d i f f e r e n t  k i n e t i c s  b e h a v io r .  Thus when 
b a c t e r i a  a r e  g iv e n  a  d i e t  o f  a  s t r a n g e  s u b s t r a t e  a s  t h e i r  m ain 
s o u rc e  o f  c a rb o n  f o r  e n e rg y ,  t h e r e  s h o u ld  b e  no  im m ed ia te  a t t a c k  
on th e  m o le c u le s  and c o n s e q u e n t ly ,  no  b a c t e r i a l  p r o l i f e r a t i o n  s h o u ld  
ta k e  p l a c e .  A f te r  a  v a r y in g  le n g th  o f  t im e ,  d u r in g  w h ich  th e  
b a c t e r i a  h av e  a d a p te d  to  th e  new s u b s t r a t e ,  th e  m o le c u le s  o f  th e  
h e r b i c i d e  b e g in  to  b e  a t t a c k e d  and  th e  b a c t e r i a  s t a r t  t o  p r o l i f e r a t e .  
T h is  i s  th e n  fo llo w e d  by  a  p e r io d  o f  c o n t in u o u s ly  i n c r e a s in g  
m o le c u la r  d e s t r u c t i o n  w h ich  s h o u ld  p a r a l l e l  th e  i n c r e a s e  i n  b a c t e r i a  
(10) .
The k i n e t i c s  s t u d i e s  o f  h e r b i c i d e  b reakdow n i n  s o i l  w ere  f i r s t  
made by  Audus (8 ) w i th  phenoxy  h e r b i c i d e s .  He fo u n d  t h a t  no 
d e t e c t a b l e  ch an g e  o c c u r r e d  d u r in g  th e  f i r s t  18 d ay s  a f t e r  t r e a tm e n t ,  
b u t  th e n  r a p id  d e t o x ic a t io n  s e t  i n  w i th  th e  r e s u l t  t h a t  4 d ay s 
l a t e r  a l l  t r a c e s  o f  th e  h e r b i c i d e s  h ad  d is a p p e a r e d .  S im i la r  
r e s u l t s  show ing  th e s e  l a g  p e r io d s  w ere  c o n f irm e d  by  Newman and 
Thomas ( 9 1 ) .
Audus (9 ) and  B ro w n b rid g e  (18 ) e l a b o r a t e d  c o n c lu s iv e  e v id e n c e  
sho w in g  t h a t  th e  breakdow n o f  h e r b i c i d e s  i n  s o i l  was a  m i c r o b io lo g ic a l  
phenom enon. They s u g g e s te d  t h a t  a p p l i c a t i o n  o f  m e t a l l i c  p o is o n s  su ch  
a s  th e  cy to ch ro m e  o x id a s e  i n h i b i t o r ,  sod ium  a z i d e ,  an d  th e  r e s p i r a ­
t i o n  i n h i b i t o r ,  sod ium  f l u o r i d e ,  can  c o m p le te ly  p r e v e n t  th e  b r e a k in g  
down o f  2 ,4 -D , and  MCPA i n  s o i l .
23
The m echanism  th ro u g h  w h ich  s o i l  m ic ro o rg a n ism s  d e v e lo p  th e  
c a p a c i t y  to  d e g ra d e  h e r b i c i d e s  i s  n o t  y e t  c o m p le te ly  u n d e r s to o d .
Audus (1 0 ) m e n tio n e d  two m a jo r  p o s s i b i l i t i e s  in v o lv in g  e i t h e r  
(1 ) c h an c e  m u ta t io n  o r  (2 )  a d a p t iv e  enzym es. M u tan ts  h a v in g  th e  
a b i l i t y  to  d e g ra d e  o r  m e ta b o l iz e  h e r b i c i d e s  a s  a  n u t r i e n t  o r  e n e rg y  
s o u rc e  s h o u ld  p r o l i f e r a t e  i n  th e  s o i l  i n  th e  a b se n c e  o f  s u b s t r a t e  
c o m p e t i t io n .  The l a g  p h a s e  s h o u ld  b e  d e s c r ib e d  a s  th e  tim e  r e q u i r e d  
f o r  th e  d ev e lo p m en t o f  an  e f f e c t i v e  p o p u la t io n .  T h is  id e a  was 
c o n t r a d i c t e d ,  h o w e v e r, by  th e  o b s e r v a t io n  t h a t  a  v e ry  c o n s i s t e n t  
and  r e p r o d u c ib le  l a g  p e r io d  was o b s e rv e d  d u r in g  th e  d e g r a d a t io n .
A ls o ,  th e  in d e p e n d e n t  e n r ic h m e n t o f  any one s o i l  te n d e d  to  p ro d u c e  
an  e f f e c t i v e  p o p u la t io n  o f  th e  sam e o rg a n ism s  ( 6 9 ) .  The a d a p t iv e  
enzyme phenom enon w h ich  p ro p o s e s  th e  i n d u c t io n  o f  a d a p t iv e  enzym es 
i n  c e r t a i n  r e s p o n s iv e  m ic ro o rg a n ism s  was p r e s e n te d  by  Cohn and  Mond 
( 2 4 ) .  H e re , th e  l a g  p e r io d  w ou ld  b e  d e s c r ib e d  a s  th e  in d u c t io n  
p h a s e .  T h is  i s  th e  p e r io d  r e q u i r e d  f o r  a t t a in m e n t  o f  a  f u l l  a d a p t iv e  
enzyme p o t e n t i a l  i n  e f f e c t i v e  o rg a n is m s . Once t h i s  p o t e n t i a l  d e v e lo p s ,  
th e  e f f e c t i v e  o rg a n is m s  w ou ld  p r o l i f e r a t e  and  b e  f a v o re d  by  th e  l a c k  
o f  s u b s t r a t e  c o m p e t i t io n .  T h is  phenom enon w as s u p p o r te d  by th e  
w ork o f  H ir s c h  an d  A le x a n d e r  (59 ) and  Kaufman (6 9 ) .
P a r o c h e t t i  an d  W arren  (9 5 ) exam ined  th e  b i o l o g i c a l  a c t i v i t y  
and  d i s s i p a t i o n  o f  p ropham  ( i s o p r o p y l  c a r b a n i l a t e ) , and  c h lo rp ro p h a m  
( i s o p r o p y l - m - c h lo r o c a r b a n i l a t e )  i n  s o i l  an d  fo u n d  t h a t  m ic r o b ia l  
d e g r a d a t io n  was t h e  m a jo r  pa thw ay  to  r e d u c t io n  o f  t o x i c i t y  o f  b o th  
h e r b i c i d e s .  The pa thw ay  o f  d e g r a d a t io n  w as s i m i l a r ,  b u t  ch lo rp ro p h a m  
seem ed to  rem a in  lo n g e r  th a n  propham .
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F ran k  and  S w i tz e r  (44 ) p o s t u l a t e d  t h a t  d is a p p e a ra n c e  o f  p y ra z o n  
was an  e x p o n e n t ia l  f u n c t io n  o f  t im e ,  c h a r a c t e r i s t i c  o f  th e  a c t i v i t y  
o f  s o i l  m ic ro o rg a n is m s . H ow ever, Sm ith  and  M e g g it t(1 2 2 )  fo u n d  t h a t
th e  p h y t o t o x i c i t y  o f  t h i s  h e r b i c i d e  in c r e a s e d  a f t e r  33 m o n th s .
14M e sse rsm ith  e t  a l  (87 ) r e p o r t e d  t h a t  d i s s i p a t i o n  o f  C - la b e le d
t r i f l u r a l i n  fro m  in c u b a te d  s o i l  was a  c o m b in a tio n  o f  b i o l o g i c a l
14and  n o n b io l o g ic a l  p r o c e s s e s .  The same r e s u l t  was fo u n d  w i th  C- 
a t r a z i n e  by (1 2 1 ) .  H a r r i s  (5 4 ) s tu d i e d  th e  f a t e  o f  2 - c h l o r o - s -  
t r i a z i n e  i n  s o i l  and  fo u n d  t h a t  d e t o x ic a t io n  o f  th e s e  h e r b i c i d e s  
o c c u r r e d  r a p i d l y  u n d e r  c o n d i t io n s  w h ich  f a v o r  m ic r o b ia l  g ro w th  
and  th e  d e g r a d a t io n  p r o d u c ts  w ere  n o n p h y to to x ic  ( 2 3 ,8 4 ) .
H ow ever, r e s e a r c h  ( 1 7 ,2 3 ,2 8 ,3 8 ,4 2 ,5 7 ,7 1 ,9 3 )  h a d  shown t h a t  
th e  o r g a n ic  m a t t e r  c o n te n t  o f  th e  s o i l  w as a p p a r e n t ly  th e  m ost 
im p o r ta n t  f a c t o r  f o r  many h e r b i c i d e  d e t o x i c a t i o n s .
M urray  e t  a l  (8 9 ) c o n c lu d e d  from  t h e i r  e x p e r im e n t w i th  f i v e  
s u b s t i t u t e d  u r e a  h e r b i c i d e s  t h a t  s o i l  o r g a n ic  m a t t e r  amendment 
a lo n g  w i th  a v a i l a b l e  n i t r o g e n  c o m p o s i t io n  g e n e r a l ly  f a v o r  th e  r a t e  
o f  d e t o x i c a t i o n .
M cCollum and  Ragab (84 ) and  B u rs c h e l  (2 3 ) s t a t e d  t h a t  d e to x ic a ­
t i o n  o f  s im a z in e  w as due to  m ic r o b ia l  a c t i v i t y .  No d e c o m p o s itio n  
w i l l  o c c u r  w i th o u t  humus s u p p l im e n ta t io n .
The r o l e  o r  i n f l u e n c e  o f  s o i l  r e a c t i o n  o r  s o i l  pH on d e t o x i c a t i o n  
o f  many h e r b i c i d e s  was r e p o r t e d  by  C o rb in  an d  U pchurch  ( 2 5 ) .  They 
r e p o r t e d  t h a t  th e  optim um  pH f o r  i n a c t i v a t i o n  o f  d icam ba and  2 ,4 -D  
was 5 .3 ,  f o r  d a la p o n  and  a m i t r o l  w as 6 .5  and  f o r  v e m o l a t e  was 
7 .5 .  S low , b u t  p o s i t i v e  d e t o x i c a t i o n ,  w i th o u t  pH in f l u e n c e  was
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o b se rv e d  w ith  d iu ro n  and am ib en . No d e t o x ic a t io n  was o b ta in e d  w ith  
p ic lo ra m , t r i f l u r a l i n ,  i s o c i l  ( 5 - b r o m o - 3 ~ is o p r o p y l- 6 - m e th y lu r a c i l ) , 
and  p ro m eto n e .
O xad iazo n  h a s  b e e n  fo u n d  to  b e  a  v e ry  s t a b l e  h e r b i c i d e  
( 3 5 ,3 6 ,1 0 5 ) .  R e p o r ts  s u g g e s te d  t h a t  a p p l i c a t i o n  o f  t h i s  h e r b i c id e  
a t  2 -  3 lb  a i /A  p e r s i s t e d  i n  s o i l  f o r  m ore th a n  a  one y e a r  p e r io d .  
H a l f - l i f e  o f  t h i s  c h e m ic a l was fo u n d  to  b e  a b o u t 4 to  6 m o n th s .
D egree  o f  p e r s i s t e n c e  o f  th e  c h e m ic a l was r e p o r te d  n o t  t o  v a ry  
w i th  s o i l  ty p e  and  th e  h e r b i c i d e  was fo u n d  to  b e  s t r o n g l y  a d s o rb e d  
by  th e  s o i l  c o l l o i d  and  humus f r a c t i o n  o f  th e  s o i l .
V I. Gas ch ro m a to g rap h y
C hrom atography  was f i r s t  em ployed  i n  th e  y e a r  1905 by  Ramsay 
(101 ) to  s e p a r a t e  m ix tu re s  o f  g a s e s  and  v a p o r s .  T hese  f i r s t  
e x p e r im e n ts  u se d  s e l e c t i v e  a d s o r p t io n  o n , o r  d e s o r p t io n  fro m , 
s o l i d  a d s o r b e n ts  su c h  a s  a c t i v e  c h a r c o a l .  The f o l lo w in g  y e a r  T sw e tt 
(128) o b ta in e d  d i s c r e t e  c o lo r e d  b an d s  o f  p l a n t  p ig m e n ts  on a  
c h ro m a to g ra p h ic  co lum n. He c o in e d  th e  te rm  "c h ro m a to g ra p h y "  
( l i t e r a l l y :  c o l o r  w r i t i n g )  w h ich  i s  o b v io u s ly  a  m isnom er when
a p p l i e d  to  c u r r e n t  m e th o d s .
I n  1 941 , M a r tin  and  Synge (82 ) d e v e lo p e d  th e  p a r t i t i o n  m ethod 
o f  c h ro m a to g rap h y  i n  w h ich  th e  s o l u t e  was p a r t i t i o n e d  b e tw ee n  a  
s t a t i o n a r y  l i q u i d  w h ich  was o n ly  p a r t i a l l y  m i s c ib le  w i th  th e  s t a t i o n ­
a r y  l i q u i d .  A t t h a t  tim e  th e y  p o in t e d  o u t  t h a t  th e  m oving l i q u i d  
p h a se  c o u ld  b e  r e p la c e d  by a  g a s  p h a s e . T h is  s tu d y  was l a t e r  aw arded  
th e  N obel P r i z e .
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F o llo w in g  th e  s u g g e s t io n  o f  M a r tin  and  S y n g e l, Jam es and 
M a rtin  ( 6 2 ) ,  i n  1 9 5 2 , in t r o d u c e d  th e  f i r s t  g a s - l i q u i d  ch ro m a to g rap h y .
I t  h a s  p ro v e d  to  b e  th e  m ost p o w e r fu l  t o o l  a v a i l a b l e  to  th e  c h e m is t 
f o r  a n a l y s i s  o f  com plex  m ix tu re s  o f  v o l a t i l e  s u b s t a n c e s .  The 
s e n s i t i v i t y ,  s p e e d ,  a c c u ra c y ,  and  s i m p l i c i t y  o f  t h i s  m ethod f o r  th e  
s e p a r a t i o n ,  i d e n t i f i c a t i o n ,  an d  q u a n t i t a t i v e  d e te r m in a t io n  o f  th e  
compounds h a s  r e s u l t e d  i n  i t s  phenom enal g ro w th . P r e s e n t l y ,  t h e r e  
a r e  m ore th a n  1 8 ,0 0 0  g a s  c h ro m a to g ra p h y  (G .C .)  r e f e r e n c e s  a l l  o v e r  
th e  w o r ld ,  and  th e  g ro w th  r a t e  i s  a b o u t 1 ,8 0 0  -  2 ,0 0 0  p e r  y e a r .
I t  i s  e s t im a te d  t h a t  a p p ro x im a te ly  6 0 ,0 0 0  G .C. a r e  now i n  u se  (4 4 ,
8 5 ) .
Gas c h ro m a to g ra p h y  i s  a  c o l l e c t i v e  name f o r  a  num ber o f  
c h ro m a to g ra p h ic  m ethods i n  a l l  o f  w h ich  th e  m oving p h a se  i s  a  gas 
(1 1 8 ) .  T h e o r e t i c a l l y ,  th e  b a s i s  f o r  g as  c h ro m a to g ra p h ic  s e p a r a t i o n  
i s  th e  d i s t r i b u t i o n  o f  a  sam p le  b e tw e e n  two p h a s e s .  One o f  th e s e  
p h a se s  i s  a  s t a t i o n a r y  b e d  o f  l a r g e  s u r f a c e  a r e a ,  and  th e  o th e r  
p h a se  i s  a  g a s  w h ich  p e r c o l a t e s  th ro u g h  th e  s t a t i o n a r y  b e d . I f  
th e  s t a t i o n a r y  p h a s e  i s  a  s o l i d ,  we s p e a k  o f  g a s - s o l i d  ch ro m a to g rap h y - 
( G .S .C .) .  T h is  m ethod  d ep en d s  upon th e  a d s o r p t i v e  p r o p e r t i e s  o f  
th e  colum n p a c k in g  to  s e p a r a t e  s a m p le s ,  p r i m a r i l y  g a s e s .  Column 
p a c k in g s  u se d  a r e  s i l i c a  g e l ,  m o le c u la r  s i e v e ,  and  c h a r c o a l .  I f  
th e  s t a t i o n a r y  p h a s e  i s  l i q u i d ,  we s p e a k  o f  g a s - l i q u i d  ch ro m a to g rap h y  
( G .L .C .) .  I n  t h i s  c a s e ,  th e  l i q u i d  p h a s e  i s  s p r e a d  a s  a  t h i n  f i lm  
o v e r  an  i n e r t  s o l i d  and  th e  b a s i s  f o r  s e p a r a t i o n  i s  th e  p a r t i o n in g  
o f  th e  sam p le  i n  an d  o u t  o f  t h i s  l i q u i d  f i l m .  The w id e  ra n g e  o f  
l i q u i d  p h a s e s  w i th  u s a b le  te m p e r a tu r e s  up to  400°C make G .L .C . th e  
m ost v e r s a t i l e  and  s e l e c t i v e  fo rm  o f  g a s  c h ro m a to g rap h y  ( 4 4 ,4 9 ,8 5 ,1 1 8 ) .
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The s t a t i o n a r y  p h a s e  i n  g as  c h ro m a to g ra p h y  i s  p ack e d  i n t o  a  
t u b u l a r  c o n t a i n e r  o r  co lum n. The sam p le  t o  b e  a n a ly z e d  i s  p la c e d  
a t  th e  h e a d  o f  th e  colum n and  th e n  p a s s e s  down th e  colum n u n d e r  th e  
i n f l u e n c e  o f  t h e  m oving p h a s e ,  th e  c a r r i e r  g a s .  A t th e  colum n e x i t  
a  d e v ic e  i s  em ployed  f o r  d e t e c t i n g  th e  p r e s e n c e  o f  a  s o l u t e  as  i t  
i s  e l u t e d  from  th e  co lum n. The s i g n a l  fro m  t h i s  d e t e c t o r  i s  a m p l i f i e d  
and  th e  r e s u l t a n t  s i g n a l  i s  d i s p la y e d  on a  m oving c h a r t  r e c o r d e r
( 4 9 ,6 2 ,8 5 ,1 1 7 ,1 1 8 ) .
The colum n vised i n  G .C. s t u d i e s  can  b e  made from  c o p p e r ,  s t a i n ­
l e s s  s t e e l ,  alum inum  o r  g l a s s .  They can  b e  i n  a  s t r a i g h t ,  b e n t  o r
c o i l  fo rm  w i th  an  a v e ra g e  le n g th  o f  6 -  12 f t .  B u t c o p p e r  may b e  
th e  m ost u n s u i t a b l e  m a t e r i a l  b e c a u s e  i t  shows a d s o r p t io n  o r  r e a c t i o n  
w i th  sam p le  com ponen ts su c h  a s  a m in e s , a c e t a l i n e s ,  t e r p e n e s ,  and 
s t e r o i d s .  I n  g e n e r a l ,  s t a i n l e s s  s t e e l  colum ns a r e  u se d  (4 4 ,4 9 ,8 0 ,
8 5 ) .
Many i n v e s t i g a t o r s  su c h  a s  G u d z in o v ic z  ( 4 9 ) ,  M cN air and  B o n e l l i  
(85 ) and  Sim pson (1 1 8 ) s u g g e s te d  t h a t  th e  a d v a n ta g e s  o f  a  lo n g  
colum n a r e  t h a t  sam p le  c a p a c i ty  i s  p r o p o r t i o n a l  t o  t h e  am ount o f  
l i q u i d  p h a s e  and  t h a t  l a r g e r  sam p le  s i z e s  ca n  b e  i n j e c t e d  i n  th e  
co lum n , b u t  a  lo n g  colum n r e q u i r e s  h ig h e r  i n l e t  p r e s s u r e  to  o p e r a t e .
I n s i d e  colum n d ia m e te r  ( I .D . )  may v a ry  from  0 .0 1  to  2 in c h e s
o r  l a r g e r .  The s m a l l e r  th e  colum n d ia m e te r  th e  h ig h e r  th e  colum n
e f f i c i e n c y  ( 8 5 ) .  M ost s t a n d a r d  a n a l y t i c a l  colum ns a r e  1 /8  o r  1 /4  
in c h  o u t s i d e  d ia m e te r  (O .D .) .
H igh o p e r a t in g  te m p e r a tu r e s  o f  up to  500°C ca n  b e  u se d  w i th  a  
colum n p a c k e d  w i th  d e x a i l  300 GC f o r  q u a n t i t a t i v e  a n a l y s i s  o f  some 
p e s t i c i d e s ,  w h i le  th e  maximum o f  350°C can  b e  u se d  i f  s i l i c o n e  gum
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ru b b e r  SE-30 i s  u se d  a s  l i q u i d  p h a s e  i n  th e  colum n f o r  d e t e c t i n g  
th e  r e s id u e  o f  h e r b i c i d e s  and  p e s t i c i d e s  c o n ta in in g  h a lo g e n a te d  
compounds ( 1 4 ,8 0 ,1 1 7 ,1 1 8 ) .
The e l e c t r o n  c a p tu r e  (E .C .)  d e t e c t o r  i s  one w h ich  o p e r a te s  
by  m e a su r in g  th e  l o s s  o f  s i g n a l  r a t h e r  th a n  a  p o s i t i v e l y  p ro d u c e d  
e l e c t r i c a l  c u r r e n t .  As th e  c a r r i e r  gas  f lo w s  th ro u g h  th e  d e c t e c t o r ,  
an  i o n i z a t i o n  s o u rc e  i o n i z e s  th e  g as  m o le c u le s  and  s lo w  e l e c t r o n s  a r e  
p ro d u c e d . T h ese  s lo w  e l e c t r o n s  m ig r a te  to  th e  anode  u n d e r  a  f ix e d  
v o l t a g e  w h ich  i s  te rm e d  " c e l l  v o l t a g e . "  C o l l e c t e d ,  th e s e  s low  
e l e c t r o n s  p ro d u c e  a  s te a d y  c u r r e n t  a m p l i f i e d  by  th e  e l e c t r o m e t e r .
I f  a  sam p le  c o n ta in in g  e l e c t r o n  a d s o rb in g  m o le c u le s  i s  in t r o d u c e d ,  
t h i s  c u r r e n t  w i l l  b e  re d u c e d .  The l o s s  o f  c u r r e n t  i s  m easu red  and  
t h i s  m easu rem en t i s  i n d i c a t i v e  o f  th e  am ount and  e l e c t r o n  a f f i n i t y  
o f  th e  compound ( 4 9 ,8 0 ,8 5 ,1 1 8 ) .
O  £ 0
R a d io a c t iv e  s o u r c e s  o f  b o th  H ( t r i t i u m )  and  N i ( n ic k e l )  
h a v e  b e e n  em ployed i n  th e  E .C . - d e t e c t o r s  and  n o n - p o la r  h eav y  g a s e s  
su c h  a s  ( n i t r o g e n )  o r  A r (a rg o n )  a r e  u se d  a s  t h e  c a r r i e r  gas
( 1 9 ,4 9 ,7 7 ,8 5 ,1 1 8 ) .  B u t d e p e n d in g  upon th e  s p e c i f i c  d e t e c t i o n  s y s te m , 
d i f f e r e n t  c a r r i e r  g a s e s  su c h  a s  a rg o n ,  h e l iu m , h y d ro g e n , n i t r o g e n  
and  o c c a s i o n a l l y  c a rb o n  d io x id e  a r e  f r e q u e n t ly  u se d  (4 9 ) .
B u r c h f ie ld  ( 1 9 ) ,  G udzinow icz  ( 4 9 ) ,  an d  L i t t l e w o o d  (77 ) s u g g e s te d  
t h a t  d e n s e r ,  h ig h e r  m o le c u la r  w e ig h t  g a s e s  l e a d  to  th e  b e t t e r  
s e p a r a t i o n  i n  th e  g a s - l i q u i d  colum n b e c a u s e  o f  th e  re d u c e d  d i f f u s i o n  
o f  th e  com pounds.
The f lo w  r a t e  o f  th e  c a r r i e r  gas  h a s  an e f f e c t  on r e s o l u t i o n  
and  r e t e n t i o n  tim e s  f o r  v a r io u s  com pounds. A lth o u g h  th e  h ig h e r  g as
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f lo w  r a t e s  d e c r e a s e  th e  r e t e n t i o n  t im e s ,  th e y  do n o t  a f f e c t  e i t h e r  
th e  r e l a t i v e  s e p a r a t i o n  o r  th e  p a r t i t i o n  c o e f f i c i e n t s  o f  th e  v a r io u s  
compounds ( 7 7 ,8 5 ,1 1 8 ) .
The h ig h  s e l e c t i v i t y  and  s e n s i t i v i t y  o f  th e  E .C . - d e t e c t o r s  to  
h a l i d e s  make them  e s p e c i a l l y  v a lu a b le  f o r  th e  a n a l y s i s  o f  many 
h e r b i c i d e s  and  p e s t i c i d e s  ( 1 9 ,4 9 ,7 7 ,8 5 ) .
I n  q u a l i t a t i v e  a n a l y s i s  o f  unknown com pounds u s in g  gas  ch ro m a to ­
g rap h y  th e  r e t e n t i o n  tim e  i s  th e  i d e n t i f y i n g  c h a r a c t e r i s t i c  o f  th e  
sa m p le . Q u a n t i t a t i v e  d e t e r m in a t io n  o f  com ponents o f  a  m ix tu re  i s  
b a s e d  on m easu rem en ts  o f  th e  a r e a  u n d e r  i n d i v i d u a l  p e a k s  o r  p eak  
h e i g h t s  ( 7 7 ,8 5 ,1 1 8 ) .
A l i n e a r  r e s p o n s e  o v e r  th e  e n t i r e  c o n c e n t r a t i o n  ra n g e  i s  th e  m ost 
d e s i r a b l e  f e a t u r e  when q u a n t i t a t i v e  a n a l y s i s  i s  b e in g  p e rfo rm e d  
b e c a u s e  i t  e l i m i n a t e s  t h e  n e e d  f o r  a  l a r g e  num ber o f  c a l i b r a t i o n  
ru n s  w h ich  ca n  b e  t im e  consum ing  i n  t h i s  d e t e r m in a t io n .  A l i n e a r  
c a l i b r a t i o n  c u rv e  d e r iv e d  fro m  th e  a b s o lu t e  c a l i b r a t i o n  m ethod o r  
th e  i n t e r n a l  s t a n d a r d i z a t i o n  te c h n iq u e  s h o u ld  b e  u se d  i n  th e  
q u a n t i t a t i v e  a n a l y s i s  o f  d r u g s ,  p e s t i c i d e s  and  h e r b i c i d e s  (4 9 ,7 7 ,
8 5 .1 1 8 ) .
U nder i d e a l  c o n d i t io n s  f o r  m ost d e t e c t o r s ,  i f  a  p l o t  o f  d e t e c t o r  
r e s p o n s e  a g a i n s t  tim e  i s  c o n s id e r e d ,  a  s y m m e tr ic a l ,  G a u ss ia n  sh a p e d  
p e a k  s h o u ld  b e  o b ta in e d  fro m  g as  ch ro m a to g rap h y  d e te r m in a t io n s  (7 7 ,
8 5 .1 1 8 ) .
Many te c h n iq u e s  su c h  a s  p e a k  h e i g h t  x  p eak  w id th  a t  h a l f  h e i g h t ,  
t r i a n g u l a t i o n ,  p la n im e t r y ,  c u t t i n g  o u t  and  w e ig h in g ,  and  i n t e g r a t o r s  
m e th o d , can  b e  em ployed  f o r  any  q u a n t i t a t i v e  a n a l y s i s  f o r  d ru g s  and
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p e s t i c i d e s .  P e a k  a r e a  i s  fo u n d  to  b e  th e  m o st c o n s ta n t  p a ra m e te r  
when c h ro m a to g ra p h ic  c o n d i t io n s  a r e  s l i g h t l y  changed  ( 4 9 ,7 7 ,8 5 ,
1 0 0 ,1 1 8 ) .
L i t t le w o o d  (7 7 ) recom m ended a  c o m p le te  fo rm u la  f o r  e s t i m a t io n  
o f  a b o u t 94 p e r c e n t  o f  a r e a  u n d e r  p eak  a s  A rea  = 1 .0 6 4  x  h e i g h t  x  
w id th  a t  1 /2  h e i g h t  i f  a  s y m m e tr ic a l , G a u ss ia n  p e a k  i s  o b ta in e d .
The g r e a t e s t  s o u r c e  o f  e r r o r  i n  t h i s  te c h n iq u e  i s  o b t a in in g  th e  
a c c u r a t e  m easu rem en ts  o f  th e  p e a k  w id th  a t  h a l f  h e i g h t  (1 1 8 ) .
Many i n v e s t i g a t o r s  su c h  a s  L i t t l e w o o d  ( 7 7 ) ,  M cN air and  B o n e l l i  
(8 5 ) and  Sim pson (118 ) p ro p o s e d  t h a t  i f  a  m alfo rm ed  p e a k  sh a p e  was 
o b ta in e d ,  th e  c u t t i n g - o u t  and  w e ig h in g  te c h n iq u e  w ou ld  p r o v id e  
q u i t e  a c c u r a t e  q u a n t i t a t i v e  a n a l y s i s ,  b u t  e x tre m e  c a r e  m u st b e  em ployed  
b e c a u s e  e r r o r  m ig h t b e  in t r o d u c e d  b y  v a r i a t i o n s  i n  th e  th i c k n e s s  o f  
th e  r e c o r d in g  p a p e r  and  a l s o  by  ch an g e s  i n  m o is tu r e  c o n t e n t .
I f  a l l  t h e  c h ro m a to g ra p h ic  c o n d i t io n s  a r e  s u f f i c i e n t l y  s t a b l e ,  
p e a k  h e i g h t  s e n s i t i v i t y  ca n  b e  u se d  a s  a  s u b s t i t u t e  f o r  th e  a r e a  
u n d e r  th e  p eak  i n  q u a n t i t a t i v e  m easu rem en t ( 1 9 ,4 9 ,7 5 ,7 7 ,8 5 ,1 0 0 ,1 1 8 ) .
B u t th e  r e s u l t s  o b ta in e d  fro m  d e te r m in a t io n s  o f  p e a k  h e i g h t  o r  p e a k  
a r e a  c a n  b e  a f f e c t e d  to  some d e g re e  by th e  d ev e lo p m en t o f  a  p o o r  
b a s e  l i n e  and  i n s u f f i c i e n t  s e p a r a t i o n  b e tw ee n  compounds ( 8 5 ) .
K a tz  an d  F a s s b e n d e r  (66 ) exam ined  th e  r e s id u e  o f  m etab rom uron  
and  m e ta b o l i t e s  i n  s o i l  u s in g  E .C . g as  c h ro m a to g rap h y  d e t e c t o r .
They c o n c lu d e d  t h a t  th e  r e s id u e  o f  t h i s  h e r b i c i d e  c o u ld  b e  d e t e c t e d  
down to  0 .0 5  ppm, w i th o u t  c l e a n in g  p r o c e d u r e ,  from  an a c e to n e  e x t r a c t  
on a  6 f t  s t a i n l e s s  s t e e l  colum n p ack e d  w i th  SE-30 l i q u i d  p h a se  
i f  n i t r o g e n  g as  was u se d  a s  a  c a r r i e r  g a s .  S im i la r  r e s u l t s  w ere  
fou n d  w i th  th e  s tu d y  o f  p ic lo r a m  r e s id u e  i n  s o i l  by  M erk le  e t  a l  ( 8 6 ) .
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In  t h i s  e x p e r im e n t h e  found  t h a t  a c e to n e  e x t r a c t  o f  p ic lo r a m  p ro v id e d  
a b o u t 75 p e r c e n t  r e c o v e ry  when i t  was re a d  on a  6 f t  colum n c o a te d  
w i th  1 .5  p e r c e n t  SE-30 on 80 -  100 mesh chrom osorb  a t  300°C colum n 
te m p e r a tu r e .
R e p o r ts  from  F ra n c e  by L a u re n t  ( 7 5 ) ,  e m p h a s iz in g  th e  h ig h  
s e n s i t i v i t y  o f  th e  E .C .-g a s  c h ro m a to g rap h y  d e t e c t o r  t o  th e  r e s id u e  
o f  o x a d ia z o n  i n  p l a n t s  and s o i l s ,  i n d i c a t e d  t h a t  som etim es i t  i s  
n e c e s s a r y  to  c a r r y  o u t  a  p r e l im in a r y  c le a n  up o f  th e  s o i l  e x t r a c t  on 
a  F l o r i s i l  colum n i n  o r d e r  to  g e t  a  s e n s i t i v i t y  o f  0 .0 5  ppm w i th  
th e  a v e ra g e  r e c o v e ry  p e rc e n ta g e  o f  95 p e r c e n t ,  b u t  th e  l i m i t  o f  0 .1  
ppm a lo n g  w i th  th e  sam e d e g re e  o f  r e c o v e ry  may b e  o b ta in e d  d i r e c t l y  
w i th o u t  any  c le a n  up p ro c e d u re  o f  th e  a c e to n e  e x t r a c t .  I n  p l a n t s ,  
a f t e r  c l e a n in g  o f  th e  e x t r a c t  by  p a r t i t i o n i n g  b e tw ee n  h e x a n e  and  
a c e t o n i t r i l ,  th e  l i m i t  o f  d e te r m in a t io n  i s  a b o u t 0 .0 5  ppm and  an 
a v e ra g e  o f  93 p e r c e n t  r e c o v e ry  can  b e  o b ta in e d .
R e s id u e s  o f  o t h e r  h e r b i c i d e s  su c h  a s  f e n a c ,  t r i f l u r a l i n ,  and  
t e r b a c i l  i n  p l a n t  and  s o i l  e x t r a c t s  w ere  a l s o  fou n d  to  b e  s u i t a b l e  
to  a n a l y s i s  w i th  E .C .- g a s  ch ro m a to g rap h y  when e q u ip p e d  w i th  th e  
s t a i n l e s s  s t e e l  colum n pa.cked w i th  S E -30 . The d e g re e  o f  r e c o v e ry  
o f  th e s e  h e r b i c i d e s  was s a i d  to  b e  a ro u n d  85 -  95 p e r c e n t  a t  200°C 
colum n te m p e ra tu r e  (1 4 ,1 0 9 ,1 4 0 ) .
MATERIALS AMD METHODS
I .  S o i l  b io a s s a y  s tu d y
O b je c t iv e s  o f  t h i s  s tu d y  w ere  to  s e l e c t  i n d i c a t o r  p l a n t s  t h a t  
a r e  q u i t e  s e n s i t i v e  to  o x a d ia z o n  and  to  d e v e lo p  a  r a p id  p l a n t  b io a s s a y  
te c h n iq u e  f o r  q u a n t i t a t i v e  d e te r m in a t io n  o f  th e  c h e m ic a l u s in g  a  
s ta n d a r d  c u rv e .
The s o i l  u se d  i n  t h i s  e n t i r e  e x p e r im e n t was o b ta in e d  fro m  th e  
L o u is ia n a  S t a t e  U n iv e r s i t y  R ic e  E x p e rim e n t S t a t i o n  a t  C row ley . I t  
was a  C row ley s i l t  loam  s o i l  w h ich  h a s  a  pH o f  6 .0 ,  o r g a n ic  m a t te r  
o f  0 .7 5  p e r c e n t ,  s a n d  1 0 .4  p e r c e n t ,  s i l t  6 9 .3  p e r c e n t ,  c la y  2 0 .3  
p e r c e n t ,  and  t o t a l  C .E .C . o f  1 1 .4 .  The s o i l  was c o l l e c t e d  a t  random  
from  a  s e l e c t e d  f i e l d  a t  th e  d e p th  o f  a p p ro x im a te ly  6 - 7  in c h e s  
fro m  th e  s u r f a c e .  The m o is t  s o i l  w as a i r - d r y e d  i n  t h e  g re e n h o u se  
and  s t o r e d  i n  f i b e r  drum s.
E x p e r im e n ta l  sam p le s  w ere  s c r e e n e d  th ro u g h  a  f i n e  s c r e e n  o f  
18 x  15 m esh and  th ro u g h ly  m ixed  a f t e r  s c r e e n in g .  The s c r e e n e d  
s o i l  was th e n  a i r - d r y e d  u n d e r  g re e n h o u se  c o n d i t io n s  f o r  72 h o u r s .
A t th e  en d  o f  th e  d r y in g  p e r io d  th e  sam p le s  c o n ta in e d  a p p ro x im a te ly  
on e  and  a  h a l f  p e r c e n t  m o is tu r e .  The d ry  s o i l  w as w eig h ed  c a r e f u l l y  
a t  600 gram s p e r  sa m p le . The sam p le s  w ere  k e p t  s e p a r a t e l y  i n  
i n d i v i d u a l  p l a s t i c  b a g s  a t  room te m p e ra tu r e  f o r  e x p e r im e n ta l  u s e .
The o x a d ia z o n  u s e d  i n  t h i s  r e s e a r c h  was p ro v id e d  by  H h o d ia , I n c . ,  
Bound B ro o k , N. J . ,  a s  an  e m u l s i f i a b l e  c o n c e n t r a t i o n  c o n ta in in g  
3 .3 4  lb  a i / g a l .
F re s h  s to c k  s o l u t i o n s  w ere  p r e p a r e d  s h o r t l y  p r e c e e d in g  m ix in g  
th e  h e r b i c id e  w i th  s o i l .  C o r r e c t  am ount o f  o x a d ia z o n  was ad d ed  to
32
33
120 ml d e io n iz e d  w a te r  Ln 250 ml E rJen m e ry e r f l a s k s  to  p ro v id e  th e  
e x p e r im e n ta l  c o n c e n t r a t io n s  o f  2 .5 ,  5 .0 ,  10 and 20 p a r t s  o f  a c t i v e  
m a t e r i a l  p e r  m i l l i o n  p a r t s  o f  d ry  s o i l .  T hese  e x p e r im e n ta l  co n cen ­
t r a t i o n s  w ere  u sed  f o r  s e l e c t i n g  s e n s i t i v e  p l a n t s  i n  p r e l im in a r y  
b io a s s a y  e x p e r im e n ts ;  w h i le  a n o th e r  s e r i e s  o f  0 ,  1 ,  2 ,  3 and  4 ppm 
w ere  u se d  to  ru n  th e  s ta n d a r d  c u rv e  d e te r m in a t io n .
A b ag  o f  600 gm s o i l  sam p le  was m ixed  u n i f o r m ily  w i th  th e  
h e r b i c i d e  s o l u t i o n  by a d d in g  a l i q u a t s  o f  20 -  30 ml o f  t h e  s o l u t i o n  
to  th e  b a g , one a t  a  tim e  fo llo w e d  by m a n u a lly  s h a k in g  th e  b a g .
The p r o c e s s  was r e p e a te d  fo u r  tim e s  a d d in g  a  t o t a l  o f  120 m l i n  
o r d e r  to  g e t  ev en  m ix in g . T h is  am ount o f  w a te r  p ro v id e d  a  f i n a l  
s o i l  m o is tu r e  c o n te n t  f o r  eac h  i n d i v i d u a l  b ag  o f  20 p e r c e n t .  The 
am ount o f  h e r b i c id e  n e e d e d  to  su p p ly  one ppm o f  a c t i v e  m a t e r i a l  i n  
600 gm o f  d ry  s o i l  sam p le  was 0 .0 0 1 5  ml o f  th e  fo rm u la te d  o x a d ia z o n . 
The u n t r e a t e d  ch eck  was p r e p a re d  p r i o r  to  any m ix in g  o f  h e r b i c i d e  
and  s o i l ,  and  i s o l a t e d  from  th e  m ix in g  a r e a  u n t i l  p l a n t i n g  t im e .
The t r e a t e d  s o i l  was d iv id e d  i n t o  s i x  r e p l i c a t i o n s .  Each 
r e p l i c a t i o n  c o n ta in e d  a p p ro x im a te ly  118 -  120 gm o f  th e  t r e a t e d  
s o i l .  S ix  ounce  w axed cups w ere  u se d  a s  p l a n t i n g  c o n t a i n e r s .  The 
s o i l  i n  e a c h  cup was t i l l e d  c a r e f u l l y  o n ce  to  b r e a k  th e  b ig  c lo d s  
b e f o r e  p l a n t i n g .
E ig h t  d i f f e r e n t  p l a n t  s p e c ie s  w ere  p la n te d  i n  t h i s  e x p e r im e n t .  
They a r e  a l p h a b e t i c a l l y  l i s t e d  a s  fo l lo w s :  c o rn  ( Zea mays L . ) ,
c o t to n  (G ossypium  h i r s u tu m  L . ) ,  cucum ber (Cucum is s a t i v a  L . ) ,  o a t s  
(A vena s a t i v a  L . ) ,  p igw eed  (A m aranthus r e t r o f l e x u s  L . ) ,  r i c e  (O ryza  
s a t i v a  L . ) ,  s e s b a n ia  (S e s b a n ia  e x a l t a t a  L a f . )  and  sorghum  (Sorghum  
v u lg a r e  P e r s . ) .
Tw elve s e e d s  o f  c o m ,  c o t t o n ,  cucum ber, o a t s ,  r i c e ,  s e s b a n ia ,  
sorghum  and  0 .2  gm o f  p igw eed  s e e d s  w ere  p la n te d  i n  e a c h  e x p e r im e n ta l  
p o t  f o r  th e  d e te r m in a t io n  o f  s p e c ie s  s e n s i t i v i t y .  The sam e am ount 
o f  p igw eed  s e e d s  w ere  u se d  i n  s ta n d a r d  c u rv e  s t u d i e s  w h ich  w ere  
c o n d u c te d  l a t e r .
T hese  e x p e r im e n ts  w ere  k e p t  u n d e r  c o n t r o l l e d  c o n d i t io n s  i n  a  
g ro w th  cham ber w h ich  s u p p l ie d  a  14 h o u r  day  and  10 h o u rs  o f  n i g h t .
The day te m p e ra tu r e  w as 30°C and  th e  n i g h t  te m p e r a tu r e  was 25°C .
T hese  c o n d i t io n s  w e re  s e t  c o n s ta n t  th ro u g h o u t  th e  e x p e r im e n ta l  
p e r io d .
D e io n iz e d  w a te r  was u se d  a s  th e  s o u rc e  o f  w a te r  s u p p ly  w here  i t  
was n e c e s s a r y .
V is u a l  i n j u r y  r a t i n g s ,  r a n g in g  from  0 f o r  no i n j u r y  up to  10 
f o r  c o m p le te  k i l l e d ,  w ere  u se d  to  s c o r e  th e  d e g re e  o f  r e s p o n s e .  A l l  
e x p e r im e n ta l  p o t s  w ere  h a r v e s te d  15 d ay s  a f t e r  g e r m in a t io n .  P l a n t  
h e i g h t  m easu rem en ts  (cm) w ere  ta k e n  from  g ro u n d  l e v e l  to  th e  u p p e r­
m ost g row ing  p o i n t  i n  th e  c a s e  o f  d i c o t s  and  to  th e  u p p e rm o st l e a f t i i e  
i n  th e  c a s e  o f  m o n o co ts . F re s h  w e ig h t  and  oven  d ry  w e ig h t (mg) o f  t  le 
p l a n t  s h o o ts  a f t e r  d r y in g  a t  55°C f o r  48 h o u rs  was r e c o r d e d .  H e ig h t ,  
f r e s h  w e ig h t  and  d ry  w e ig h t m easu rem en ts w ere  c o n v e r te d  t o  p e r c e n ta g e  
b y  d iv i d in g  by  th e  h e i g h t  o r  w e ig h t o f  p l a n t s  from  u n t r e a t e d  s o i l .
I I .  L e a c h in g  e x p e r im e n t
The o b j e c t i v e  o f  t h i s  s tu d y  was to  d e te rm in e  p a t t e r n  o r  d e p th  
o f  movement o f  o x a d ia z o n  i n  a  s o i l  colum n c o n ta in in g  C row ley  s i l t  
loam  u n d e r  v a r y in g  am ount o f  s im u la te d  c o n t in u o u s  r a i n f a l l .
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Columns u sed  i n  t h i s  e x p e r im e n t w ere  c o n s t r u c t e d  from  w h ite  
p o ly v in y l  c h l o r i d e  c y l in d e r s  w i th  a  h e i g h t  o f  18 in c h e s  and  an  i n s i d e  
d ia m e te r  o f  2 1 5 /1 6  in c h e s .  The colum ns w ere  s p l i t  l o n g i t u d i n a l  
f o r  c o n v e n ie n c e  i n  s e c t i o n in g  o f  th e  s o i l  colum n a f t e r  l e a c h in g .
Wooden s to p p e r s  w i th  a  t h i c k n e s s  o f  0 .5  in c h  w ere  c u t  th e  same 
s i z e  a s  th e  i n s i d e  d ia m e te r  o f  th e  colum n an d  w ere  u se d  to  p lu g  
one end  o f  th e  colum n to  h o ld  th e  s o i l  i n  th e  c y l i n d e r .  A h o le  o f  
one in c h  d ia m e te r  w as d r i l l e d  a t  th e  c e n t e r  o f  e a c h  s to p p e r  i n  o r d e r
to  a l lo w  th e  le a c h e d  w a te r  to  d r a i n  o u t .
W h ite , 2 in c h e s  w id e , l a b e l  ta p e  was u se d  to  ta p e  th e  s p l i t  
colum ns t o g e th e r  and  to  s e a l  th e  wooden s to p p e r  to  t h e  colum n body . 
V a s e l in e  was a p p l i e d  w i th  a  b ru s h  to  c o a t  th e  i n n e r  p a r t  o f  th e  
colum ns to  s e a l  th e  c r a c k s  on th e  co lu m n s ' s i d e  and  h e lp e d  to  p r e v e n t
c h a n n e l in g  o f  th e  w a te r  a lo n g  th e  s i d e .  A 1 .5 "  x  1 .5 "  s q u a re  o f
18 x  20 mesh s c r e e n  was p la c e d  above th e  h o le  i n  th e  wooden s to p p e r  
i n s i d e  th e  co lu m n s. A one q u a r t e r  in c h  th i c k  l a y e r  o f  g l a s s  w oo l was 
p la c e d  on to p  o f  th e  s c r e e n  to  r e t a i n  th e  s o i l .
T h ree  b a g s  o f  d r i e d  s o i l  sam p le s  w ere  u se d  to  f i l l  a  co lum n.
The s o i l  was p u t  i n t o  th e  colum n i n  s m a l l  in c re m e n ts  a t  a  tim e  
w ith  g e n t l e  tam p in g  w i th  a  c y l i n d r i c a l  p ie c e  o f  wood a f t e r  a d d i t i o n  
o f  th e  s o i l .  The 1800 gm o f  s o i l  sam p le s  f i l l e d  e a c h  colum n up to  
a  h e i g h t  o f  9 in c h e s .  A n o th e r  l a y e r  o f  th e  g l a s s  w ool was p la c e d  
a t  th e  to p  o f  th e  s o i l  s u r f a c e  a f t e r  th e  p a c k in g  was c o m p le te d  to  
p r e v e n t  s p l a t t e r i n g .  The p ack e d  colum n was s e t  up o v e r  a  t h r e e  in c h  
fu n n e l  w h ich  s a t  ab o v e  a  t a l l  1000 ml b e a k e r .  The sy s te m  was 
s t a b i l i z e d  by a  r i n g  s t a n d  w i th  c lam p . T h is  e x p e r im e n t was r e p e a te d  
t h r e e  t im e s .
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The s o i l  was b ro u g h t up to  f i e l d  c a p a c i ty  by a d d in g  an e x c e s s  
am ount o f  d e io n iz e d  w a te r  to  th e  to p  o f  th e  co lum n. The colum n 
was a l lo w e d  to  d r a in  o v e r  n i g h t  to  r e l e a s e  e x c e s s  w a te r .  N ex t 
m o rn in g , o x a d ia z o n  i n  an  aq u eo u s  s o l u t i o n  was a p p l i e d  t o  th e  colum n 
on th e  s u r f a c e  a r e a  b a s i s  a t  th e  r a t e  o f  4 l b  a i /A  u s in g  a  20 g a l /A  
s p r a y  vo lum e.
The f i r s t  6 in c h e s  o f  w a te r  above th e  s o i l  l e v e l  o r  a b o u t 630 
ml was a p p l i e d  t o  th e  colum n s h o r t l y  a f t e r  a p p l i c a t i o n  o f  h e r b i c i d e .  
W ater was a l lo w e d  to  l e a c h  th e  h e r b i c i d e  th ro u g h  th e  colum n f o r  24 
h o u r s .  The se c o n d  and  t h i r d  6 in c h e s  o f  w a te r  w ere  a p p l ie d  on 
th e  s e c o n d  an d  t h i r d  d a y , r e s p e c t i v e l y .  The l e a c h a t e s  from  e a c h  
i n d i v i d u a l  colum n w ere  c o l l e c t e d  i n  t a l l  1 ,0 0 0  m l b e a k e r s .  They 
w ere  e v a p o r a te d  to  120 ml volum e a t  room te m p e ra tu re  u s in g  an  
e l e c t r i c  f a n  to  s p e e d  up e v a p o r a t io n .  T hese  l e a c h a t e s  w ere  m ixed  
w ith  600 gm d ry  s o i l  and  b io a s s a y e d .  D a ta  w ere  c o l l e c t e d  th e  same 
a s  w i th  p r e v io u s  e x p e r im e n ts .
A bout 48 h o u rs  a f t e r  th e  l e a c h in g  was c o m p le te d  th e  colum n 
body  was s e p a r a t e d  b y  rem o v a l o f  th e  l a b e l  ta p e  w h ich  was w rapped  
a ro u n d  th e  colum ns and  one p ie c e  o f  th e  colum n body was ta k e n  o f f .  
The m o is t  t r e a t e d  s o i l  w as a l lo w e d  to  d ry  a t  room  te m p e ra tu re  f o r  
24 h o u r s .  Then th e  se m id ry  s o i l  colum n was c a r e f u l l y  s e c t io n e d  
i n t o  o ne  in c h  l a y e r s  w i th  th e  to p  s e v e n  l a y e r s  b e in g  sa v e d  i n  
s e p a r a t e  p l a s t i c  b a g s  f o r  b io a s s a y .  The s o i l  l a y e r s  from  th e  same 
d e p th  fro m  th r e e  r e p l i c a t i o n s  w ere  c o l l e c t e d  i n  t h e  same p l a s t i c  
b ag  f o r  th e s e  b io a s s a y  s t u d i e s .
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'Hie b io a s s a y  s tu d y  o f  th e  le a c h e d  s o i l  was co n d u c te d  a s  p r e ­
v i o u s ly  d e s c r ib e d  u s in g  p igw eed  a s  a  t e s t  p l a n t .  T h is  b io a s s a y  
w as r e p e a te d  6 t im e s  on ea c h  c o m p o s ite  s o i l  sam p le .
The s o i l  sam p le s  from  th e s e  b io a s s a y s  w ere  c o l l e c t e d  and  k e p t  
i n  th e  f r e e z e r  com partm en t f o r  G .L .C . a n a l y s i s .
A n o th e r  l e a c h in g  e x p e r im e n t was c o n d u c te d  i n  g ra y  p o ly v in y l  
c h l o r i d e  tu b e s  w i th  th e  same t r e a tm e n ts  and  th e  same num ber o f  
r e p l i c a t i o n s .  T h ese  colum ns h ad  an  i n s i d e  d ia m e te r  o f  3 1 /2  in c h e s  
and  a  l e n g th  o f  18 in c h e s .  The co lum ns w ere  c o n s t r u c t e d  so  t h a t  
a  1" x  12" p o r t i o n  o f  th e  w a l l  c o u ld  b e  rem oved to  ex p o se  th e  s o i l  
co lum n . T h is  a r e a  was u se d  a s  th e  p l a n t i n g  a r e a  f o r  b io a s s a y  a f t e r  
l e a c h in g .  Column p a c k in g  p ro c e d u re  and  th e  am ount o f  s o i l  u se d  in  
t h i s  e x p e r im e n t w ere  t h e  same a s  i n  th e  p r e v io u s  s tu d y .
A f t e r  l e a c h in g  w as c o m p le te d  th e  s id e s  o f  th e  colum ns w ere  
o p ened  to  a l lo w  th e  le a c h e d  s o i l  i n  th e  colum n to  d ry  a t  room 
te m p e r a tu r e  f o r  48 -  72 h o u r s .  The s o i l  i n  t h i s  ex p o sed  a r e a  was 
c a r e f u l l y  t i l l e d  b e f o r e  p l a n t i n g ,  t a k in g  c a r e  n o t  t o  move th e  s o i l  
p o s i t i o n  i n  th e  co lum n. The ex p o sed  s o i l  was s e e d e d  w i th  0 .5  gm 
o f  p ig w eed  s e e d s  f o r  b io a s s a y .  T h is  e x p e r im e n t was c o n d u c te d  
u n d e r  c o n t r o l l e d  c o n d i t io n s  o f  a  g ro w th  cham ber. The d i s t a n c e  fro m  
th e  to p  s o i l  colum n a lo n g  w h ich  th e  p igw eeds w ere  k i l l e d  was r e c o rd e d  
an d  r e p o r t e d  a s  i n t a c t  colum n m ovem ent. No c h e m ic a l a n a l y s i s  was 
c o n d u c te d  i n  t h i s  s tu d y .
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I I I .  I n f lu e n c e  o f  f lo o d in g  on d e g r a d a t io n  u n d e r  n a t u r a l  s u n l i g h t
The o b j e c t i v e  o f  t h i s  s tu d y  was to  exam ine th e  e f f e c t  o f  
f lo o d in g  on th e  r a t e  o f  d is a p p e a ra n c e  o f  o x a d ia z o n  fro m  a  t r e a t e d  
s o i l  u n d e r  f lo o d e d ,  n o n f lo o d e d  and  c o m b in a tio n  o f  f lo o d e d ,  n o n f lo o d e d  
c o n d i t i o n s .
The s i z e  o f  th e  s o i l  sam ple  u se d  w as 500 gm. The r e d u c t io n  i n  
th e  am ount o f  th e  sam p le  u se d  was n e c e s s a r y  to  s u i t  th e  e x p e r im e n ta l  
c o n d i t i o n s .
T re a tm e n ts  o f  h e r b i c i d e  w ere  2 and  4 ppm. The c o m p le te  s e t  o f  
t r e a tm e n ts  w ere  a s  f o l lo w s :
1 . 2 ppm f lo o d e d
2 . 2 ppm n o n f lo o d e d
3 . 2 ppm f lo o d e d  +  n o n f lo o d e d
4 . 4 ppm f lo o d e d
5 . 4 ppm n o n f lo o d e d
6 . 4 ppm f lo o d e d  +  n o n f lo o d e d
The m ix in g  p ro c e d u re  was th e  same a s  p r e v io u s ly  d e s c r ib e d  
The 500 gm sam p le  o f  t r e a t e d  s o i l  p ro v id e d  a  l a y e r  o f  s o i l  a p p ro x i­
m a te ly  t h r e e  in c h e s  t h i c k  when i t  was p la c e d  i n  a  t a l l  1000 m l b e a k e r .  
W ater w as ad d ed  to  t h e  t r e a t e d  s o i l  t o  a  d e p th  o f  t h r e e  in c h e s  above 
th e  g ro u n d  l e v e l  f o r  th e  f lo o d e d  t r e a tm e n t .  The m o is tu r e  i n  th e  
n o n f lo o d e d  t r e a tm e n t  was k e p t  s t a b l e  a ro u n d  20 -  21% th r o u g h o u t  th e  
p e r io d .  A l t e r n a t i o n  o f  f lo o d in g  f o r  a  p e r io d  o f  two w eeks fo llo w e d  
by  rem o v a l o f  th e  f lo o d  w a te r  f o r  a n o th e r  two w eeks p e r io d  was 
em ployed i n  th e  f lo o d e d  and  n o n f lo o d e d  t r e a tm e n t .
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H eavy d u ty  alum inum  f o i l  was u sed  to  w rap th e  o u t s id e  o f  th e  
b e a k e r s  from  th e  b o tto m  up to  th e  s o i l  l e v e l  to  p r e v e n t  s u n l ig h t  
from  p e n e t r a t i n g  th e  s i d e  o f  th e  b e a k e r s .
A l l  t r e a tm e n t s  w ere  ex p o sed  to  th e  n a t u r a l  s u n l i g h t  o u t s id e  
th e  g re e n h o u se  f o r  s i x  m onths from  Ju n e  to  D ecem ber o f  1972 . The 
noon te m p e r a tu r e  was r e c o rd e d  d a i l y  and  a  m o n th ly  a v e ra g e  was 
c a l c u l a t e d .
E v a p o ra t io n  d u r in g  th e  summer m onths was h ig h ,  so  w a te r  was 
ad d ed  to  a l l  t r e a tm e n t s  e v e ry  o t h e r  day to  k eep  a l l  t r e a tm e n ts  i n  
th e  o r i g i n a l  c o n d i t i o n .
P l a n t  b io a s s a y  d e te r m in a t io n s  w ere  s c h e d u le d  f o r  0 tim e  and 
3 0 , 6 0 , 120 and  180 days a f t e r  t r e a tm e n t .  B e fo re  p l a n t i n g ,  a l l  
t r e a tm e n t s  w ere  b ro u g h t  b a c k  to  20 -  21 p e r c e n t  m o is tu r e .  P l a n t  
b io a s s a y s  u s in g  p ig w eed  w ere  c o n d u c te d  u s in g  5 r e p l i c a t i o n s .
S o i l  sa m p le s  from  a l l  t r e a tm e n ts  w ere  c o l l e c t e d  an d  f ro z e n  
on th e  same tim e  s c h e d u le  d u r in g  th e  e x p e r im e n ta l  p e r io d  f o r  G .L .C . 
de t e r m i n a t i o n .
IV . E f f e c t  o f  s o i l  m o is tu r e
The o b j e c t i v e  o f  t h i s  e x p e r im e n t was t o  s tu d y  th e  d e g re e  o f  
d e t o x i c a t i o n  o f  o x a d ia z o n  i n  s c i l  w h ich  i s  s t o r e d  u n d e r  d i f f e r e n t  
s o i l  m o is tu r e  c o n d i t io n s  i n  th e  l a b o r a t o r y .
S o i l  sa m p le s  o f  600 gm s i z e  w ere  a l s o  u s e d  i n  t h i s  e x p e r im e n t. 
The c o n c e n t r a t i o n  o f  h e r b i c i d e  was 4 ppm. The m ix in g  p ro c e d u re  
was th e  same a s  p r e v io u s ly  d e s c r ib e d .  The s o i l  m o is tu r e  
l e v e l s  w ere  e s t a b l i s h e d  i n  t r e a t e d  s o i l  a t  1 5 , 3 0 , 4 5 , 60 and  
75 p e r c e n t .  The am ount o f  w a te r  a p p l i e d  to  a  600 gm s o i l  sam p le
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to  g e t  th e  above  m o is tu r e  c o n c e n t r a t i o n  was c a l c u l a t e d  from  th e  
fo l lo w in g  fo rm u la :
% m o is tu r e  = w e t w e ig h t  -  d ry  w e ig h t  x  100
d ry  w e ig h t
The e x p e r im e n ta l  p e r io d  w as p r o j e c t e d  f o r  12 m o n th s. P l a n t  
b io a s s a y  t e s t i n g  was s c h e d u le d  a t  45 day  i n t e r v a l s  . The t r e a t e d  
sam p les  w e re  k e p t  i n  p l a s t i c  b a g s  i n  w h ich  th e  open  end  was t i e d  
t i g h t l y  b y  a  r u b b e r  b a n d  t o  p r e v e n t  e v a p o r a t io n  d u r in g  th e  s t o r a g  
p e r io d .  They w ere  k e p t  i n  brow n b ag s  a t  room te m p e r a tu r e .
E v a p o ra t io n  o f  w a te r  from  e a c h  t r e a tm e n t  w as r e c o rd e d  e v e ry  
two w eek s . I f  w a te r  lo s s  w as fo u n d , w a te r  w as ad d ed  to  th e  b ag  to  b r in g  
i t  to  o r i g i n a l  w e ig h t .  The a v e ra g e  am ount o f  w a te r  l o s t  w as fo u n d  
to  b e  5 .1  gm p e r  m onth th ro u g h o u t  th e  e x p e r im e n ta l  p e r io d .
P r i o r  to  p l a n t i n g  p ig w eed  f o r  b io a s s a y  o f  th e  h e r b i c i d e ,  a l l
v
t r e a t e d  sa m p le s  w ere  b ro u g h t b a c k  to  20 p e r c e n t  s o i l  m o is tu r e  by  
a d d i t i o n  o f  m ore w a te r  o r  d ry in g  a t  room te m p e r a tu r e .  The b io a s s a y  
e x p e r im e n t w as r e p e a te d  s i x  t im e s  u n d e r  c o n t r o l l e d  c o n d i t io n s  o f  a  
g ro w th  cham ber a s  d e s c r ib e d  p r e v i o u s l y .  P a ra m e te r s  to  i n d i c a t e  th e  
d e g re e  o f  t o x i c i t y  o f  th e  h e r b i c id e  a lo n g  w ith  s t a t i s t i c a l  a n a l y s i s  
o f  th e  d a t a  w as th e  sam e a s  i n  p r e v io u s  s t u d i e s .
Sam ples w ere  c o l l e c t e d  and f r o z e n  a t  0 ,  9 0 , 1 8 0 , 2 7 0 , 365 days 
a f t e r  t r e a tm e n t  f o r  G .L .C . d e te r m in a t io n  o f  o x a d ia z o n .
V. M ic r o b ia l  d e c o m p o s i tio n  o f  o x a d ia z o n
The o b j e c t i v e  o f  t h i s  e x p e r im e n t was t o  d e te rm in e  th e  d e g re e  
o f  p e r s i s t e n c e  o f  o x a d ia z o n  i n  a  r i c e  s o i l  a s  a f f e c t e d  b y  th e  
a c t i v i t i e s  o f  s o i l  m ic ro o rg a n is m s . The a c t i v i t i e s  o f  s o i l
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m ic ro o rg a n ism s  in  t h i s  s tu d y  w ere v a r i e d  by u s in g  a u to c la v e d  and 
n o n a u to c la v e d  s o i l  and  by a d d i t i o n  o f  n i t r o g e n  f e r t i l i z e r  and  r i c e  
s t r a w .
S o i l  sam p le s  o f  600 gm w ere  u se d  i n  t h i s  d e t e r m in a t io n .  H e rb i­
c id e  was m ixed  w i th  th e  s o i l  to  o b ta in  a  4 ppm c o n c e n t r a t i o n .
The m ix in g  p ro c e d u re  was th e  same a s  i n  th e  s o i l  b io a s s a y  
e x p e r im e n t .
Ammonium n i t r a t e  ( r e a g e n t  g ra d e )  was add ed  to  th e  s o i l  a s  a  
n i t r o g e n  s o u rc e  a t  90 lb  n i t r o g e n /A .  Ground r i c e  s t r a w  was a p p l ie d  
a s  a  s o u rc e  o f  o r g a n ic  m a t t e r  a t  2 0 ,0 0 0  lb /A  o r  1 p e r c e n t  on a
2 ,0 0 0 ,0 0 0  lb  d ry  s o i l / A  b a s i s .  C om plete  t r e a tm e n ts  w ere  a s  f o l lo w s :
1 . C o n tro l  (c k )
2 . H e r b ic id e  (4  ppm)
3 . H e r b ic id e  +  n i t r o g e n  (4 +  N)
4 . H e r b ic id e  +  r i c e  s t r a w  (4  +  0M)
5 . H e r b ic id e  +  n i t r o g e n  +  r i c e  s t r a w  (4  +  0M +  N)
Two s e t s  o f  th e  above  t r e a tm e n ts  w ere  p r e p a r e d .  The f i r s t  s e t
was p r e p a r e d  u s in g  n o n a u to c la v e d  s o i l ;  w h i le ,  th e  se c o n d  s e t  o f  
d u p l i c a t e  t r e a tm e n ts  was p r e p a r e d  w i th  a u to c la v e d  s o i l .  A u to c la v e d  
s o i l  sam p le s  w ere  s t e r i l i z e d  a t  18 pound p r e s s u r e  p e r  s q u a re  in c h  
(121°C ) f o r  30 m in u te s .  The a u to c la v in g  t r e a tm e n t  was r e p e a te d  tw ic e  
w i th in  th e  t h r e e  d ay s  to  e n s u re  co m p le te  k i l l i n g  o f  s o i l  m ic ro o rg a ­
n is m s .  A l l  t r e a tm e n ts  w ere  s t o r e d  i n  p l a s t i c  b a g s  a t  2 5 °  -  30°C 
th ro u g h o u t  th e  e x p e r im e n ta l  p e r io d .  D e io n iz e d  w a te r  was added  
when n e c e s s a r y  to  k eep  th e  s o i l  m o is t .
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T h is  s tu d y  was d e s ig n e d  to  l a s t  f o r  a  15 month p e r io d  in  o r d e r  
to  fo l lo w  th e  d e g re e  o f  d e t o x i c a t i o n  o f  th e  h e r b i c id e  u n t i l  th e  
r e s id u e  was l e s s  th a n  0 .5  ppm. T h is  tim e  p e r io d  was s e l e c t e d  on th e  
b a s i s  o f  a  p r e l im in a r y  s tu d y  in  w h ich  th e  r e s u l t s  showed t h a t  o x a d ia z o n  
was q u i t e  s t a b l e .
P la n t  b io a s s a y s  w ere  s c h e d u le d  to  b e  c o n d u c te d  e v e ry  45 days 
th ro u g h o u t th e  e x p e r im e n ta l  p e r io d  u s in g  p ig w eed  a s  th e  i n d i c a t o r  
p l a n t  f o r  b o th  a u to c la v e d  and  n o n a u to c la v e d  e x p e r im e n ts  u n d e r  
c o n t r o l l e d  c o n d i t i o n s .
S o i l  sam p le s  from  b o th  a u to c la v e d  and  n o n a u to c la v e d  t r e a tm e n ts  
w ere  c o l l e c t e d  and  f r o z e n  a t  0 ,  1 3 5 , 1 8 0 , 2 7 0 , 365 and  455 days 
a f t e r  t r e a tm e n t  f o r  G .L .C . d e t e r m in a t io n .
V I. P l a n t  w a te r  u t i l i z a t i o n  e x p e r im e n t
The o b j e c t i v e  o f  t h i s  e x p e r im e n t was to  d e te rm in e  th e  am ount o f  
w a te r  u t i l i z e d  by  i n d i c a t o r  p l a n t s ,  p ig w eed  and  r i c e ,  when th e y  w ere  
ex p o sed  to  d i f f e r e n t  c o n c e n t r a t i o n s  o f  o x a d ia z o n .
The s o i l  sam p le  s i z e  u se d  was 600 gm. A d u p l i c a t e  s e t  o f  
sam p les  w ere  a d j u s t e d  to  c o n c e n t r a t i o n s  o f  0 ,  1 ,  2 ,  and  
4 ppm. The i n c o r p o r a t io n  te c h n iq u e  was th e  same a s  i n  p r e v io u s  
s t u d i e s .  S ix  ounce  w axed cups w ere  u se d  a s  p l a n t i n g  c o n t a in e r s .
The cups w ere  c a r e f u l l y  s e l e c t e d ,  and  th e  w e ig h t  o f  e a c h  cup was 
a d j u s t e d  to  th e  same f i g u r e  by a d d i t i o n  o f  a  p ie c e  o f  w h i te  ta p e  to  th e  
o u t s id e  o f  th e  cu p . Each sam p le  o f  t r e a t e d  s o i l  was d iv id e d  i n t o  
s i x  l o t s  w i th  a  w e ig h t  o f  118 gm o f  20% m o is tu r e  s o i l  p e r  cu p . Ten 
s e e d s  o f  g e rm in a t in g  r i c e  w h ich  h ad  b e e n  so a k e d  f o r  48 h o u rs  and 
d r a in e d  o v e r  n i g h t  w ere  p la n te d  i n  one s e t  o f  th e  e x p e r im e n t w h ile
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0 .3  gm o f  p igw eed  s e e d s  w ere  p la n te d  i n t o  a n o th e r  s e t .  The e x p e r im e n t 
was c o n d u c te d  i n  a  g ro w th  cham ber w i th  th e  r e l a t i v e  h u m id ity  c o n t r o l l e d  
a t  a ro u n d  75 p e r c e n t  th ro u g h o u t  th e  e x p e r im e n ta l  p e r io d .  An e x t r a  
s e t  o f  u n t r e a t e d  ch ec k  was p r e p a r e d  w i th o u t  p l a n t i n g .  T h is  s p e c i a l  
t r e a tm e n t  s e r v e d  a s  an  e v a p o r a t io n  ch ec k  f o r  th e  e n t i r e  e x p e r im e n t .
The r e s t  o f  th e  e x p e r im e n ta l  c o n d i t io n s  w ere  th e  same a s  i n  p re v io u s  
s t u d i e s .
A l l  e x p e r im e n ta l  p o t s  w ere  w e ig h ed  d a i l y  and  th e  w e ig h t  o f  ea c h  
i n d i v i d u a l  p o t  was r e c o r d e d .  The am ount o f  w a te r  l o s s  was c a l c u l a t e d  
and  s u f f i c i e n t  w a te r  w as ad d ed  to  r e t u r n  to  th e  o r i g i n a l  w e ig h t .  
W eig h in g  was c o n d u c te d  f o r  15 c o n s e c u t iv e  d ay s i n  b o th  r i c e  and 
p ig w eed  e x p e r im e n ts .  A t th e  en d  o f  two w eeks th e  e x p e r im e n t was 
t e r m in a t e d .  V is u a l  r a t i n g ,  p l a n t  h e i g h t  an d  d ry  w e ig h t  w ere  r e c o r d e d .  
S t a t i s t i c a l  a n a l y s i s  o f  th e  d a ta  c o l l e c t e d  w ere  c o n d u c te d .
V I I .  D e te rm in a t io n  o f  o x a d ia z o n  in  s o i l  by  g a s - l i q u i d  c h ro m a to g rap h y
The o b j e c t i v e  o f  t h i s  d e te r m in a t io n  was to  p r o v id e  c h e m ic a l 
a n a l y s i s  o f  o x a d ia z o n  i n  p a r a l l e l  w i th  th e  p l a n t  b io a s s a y  s tu d y  so  
th e  r e s u l t s  c o u ld  b e  com pared . In  t h i s  e x p e r im e n t o x a d ia z o n  was 
e x t r a c t e d  fro m  th e  s o i l  S am ples w ith  a c e to n e  and  th e  d e te r m in a t io n  
w as c a r r i e d  o u t  on  th e  e l u t a t e ,  u s in g  a  g a s - l i q u i d  c h ro m a to g rap h y  
(G .L .C .)  e q u ip p e d  w i th  an  e l e c t r o n  c a p tu r e  d e v ic e  w i th o u t  c le a n u p  
o f  th e  e x t r a c t .
A M ic ro te k  GC-2500R g as  c h ro m a to g ra p h y  a p p a r a tu s  e q u ip e d  w i th  an
6 ^
e l e c t r o n  c a p tu r e  d e t e c t o r (  N i) was u se d  i n  t h i s  e x p e r im e n t .A  6 f t  
s t a i n l e s s  s t e e l  colum n w i th  an  i n s i d e  d ia m e te r  o f  0 .4  cm p ack ed  
w i th  10 p e r c e n t  s i l i c o n e  o i l  SE-30 on ch ro m o p o rt w as em ployed .
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The o u t l e t  and i n l e t  b lo c k  w ere  o p e r a te d  a t  310°C . Column te m p e ra tu re  
was 270 -  275°C . D e te c to r  te m p e ra tu re  was 280PC. The c a r r i e r  g as  
was n i t r o g e n  w ith  a  flo w  r a t e  o f  40 c c /m in . The r e t e n t i o n  tim e  o f  
o x a d ia z o n  u n d e r  th e s e  c o n d i t io n s  was a b o u t 2 m in u te s .  The i n j e c t i o n  
volum e was 5 m i c r o l i t e r s .  The i n j e c t i o n  was r e p e a te d  th r e e  tim e s  
p e r  sam p le  and th e  s ta n d a r d  c o n c e n t r a t i o n s  w ere  i n j e c t e d  th r e e  
tim e s  d u r in g  e a c h  o p e r a t i o n .  The f i r s t  i n j e c t i o n  o f  s ta n d a r d s  was a t  
th e  b e g in n in g ,  th e  se c o n d  w as a t  th e  m id p o in t o f  o p e r a t i o n ,  and 
th e  t h i r d  i n j e c t i o n  w as a t  th e  e n d . An a v e ra g e  o f  th e s e  t h r e e  
r e a d in g s  was u se d  to  d e te rm in e  th e  c o n c e n t r a t i o n  o f  th e  unknown 
sa m p le s .
A re s p o n s e  c u rv e  was p r e p a r e d  us Lng known c o n c e n t r a t i o n s  o f  
o x a d ia z o n . A s to c k  s o l u t i o n  o f  50 na.iogram s p e r  m i c r o l i t e r  o r  50 
ppm o f  o x a d ia z o n  was p r e p a r e d  by  m ix in g  o f  500 ml a c e to n e  ( r e a g e n t  
g ra d e )  and 25 m i l l ig r a m s  o f  p u r i f i e d  h e r b i c i d e  i n  a  500 m l v o lu m e tr ic  
f l a s k .  T h is  s to c k  s o l u t i o n  was f u r t h e r  d i l u t e d  w i th  a c e to n e  to  
o b ta in  th e  w o rk in g  s ta n d a r d  c o n c e n t r a t i o n s  o f  0 ,  0 .2 5 ,  0 .5 ,  1 .0 ,
2 .0  and  4 .0  ppm, r e s p e c t i v e l y .  The c o n c e n t r a t i o n s  o f  th e s e  s ta n d a r d  
s o l u t i o n s  w ere  p l o t t e d  a g a i n s t  th e  w e ig h t o f  t h e  a r e a  o f  th e  
ch rom atog ram  u n d e r  th e  p e a k s .
A 100 gm sam p le  o f  d ry  s o i l  w h ich  h ad  b e e n  s c r e e n e d  th ro u g h  
a  f i n e  s c r e e n  (18  x  20 m esh) was u s e d . The sam p le  w as in t r o d u c e d  
i n t o  an  8 ounce  g l a s s  j a r  to  w h ich  150 ml o f  a c e to n e  ( r e a g e n t  
g ra d e )  was ad d ed . The m ix tu re  was b le n d e d  f o r  s e v e n  m in u te s  a t  
medium s p e e d  i n  a  b l e n d e r .  The m ix tu re  w as vacuum  f i l t e r e d  to  
d ry n e s s  on a  B uchner fu n n e l  f i t t e d  w ith  Whatmann num ber 42 f i l t e r  
p a p e r .  The d ry  cak e  th e n  was r e b le n d e d  w i th  a n o th e r  100 m l o f
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a c e to n e  f o r  a n o th e r  t h r e e  m in u te s  i n  th e  same c u p . A t th e  end  o f  
th e  th r e e  m in u te  p e r io d ,  th e  m ix tu re  was f i l t e r e d  i n  th e  same f u n n e l ,  
th e  cak e  w as w ashed w ith  30 ml a c e to n e ,  and  th e n  f i l t e r e d  u n t i l  d ry .  
The a c e to n e  e x t r a c t  and  w ash in g  s o l u t i o n  w ere  c o l l e c t e d  i n  a  400 ml 
b e a k e r .  The e x t r a c t  was e v a p o ra te d  to  d ry n e s s  a t  room  te m p e ra tu r e .
The d ry  e x t r a c t  th e n  was r e d i s s o lv e d  w i th  100 ml a c e to n e  
( r e a g e n t  g r a d e ) . The a c e to n e  s o l u t i o n  was th e n  f i l t e r e d  th ro u g h  
a  B uchner f u n n e l  e q u ip p e d  w i th  Whatmann num ber 42 f i l t e r  p a p e r ,  a  
g l a s s  w ool l a y e r  7 -  10 mm t h i c k  and  a  10 mm t h i c k  l a y e r  o f  w ashed  
s u p e r c e l  h y f l o .  The s u p e r c e l  h y f lo  em ployed  i n  t h i s  f i l t r a t i o n  
was w ashed  i n  5 N h y d r o c h lo r i c  a c i d ,  f i l t e r e d  on a  B u ch n er fu n n e l  
c o n ta in in g  a  l a y e r  o f  f i l t e r  p a p e r ,  and  w ashed  w i th  d e io n iz e d  w a te r  
u n t i l  e l im i n a t io n  o f  c h l o r i d e  io n s  was c o m p le te .  The ca k e  was 
d r i e d  a t  75°C f o r  72 h o u rs  b e f o r e  i t  was u se d  i n  t h i s  s tu d y .  The 
e x t r a c t  w as su ck ed  d ry  and  th e  cak e  was w ashed  tw ic e  w i th  40 ml 
a c e to n e .  The f i l t r a t e  was c o l l e c t e d  i n  a  250 ml b e a k e r  an d  e v a p o ra te d  
to  d ry n e s s  a t  room te m p e r a tu r e .
P r i o r  to  i n j e c t i o n  o f  th e  e x t r a c t  i n t o  th e  G .L .C . e q u ip m e n t, 
th e  d ry  e x t r a c t  w as r e d i s s o lv e d  w i th  25 ml a c e to n e  ( r e a g e n t  g r a d e ) .
The s o l u t i o n  was f i l t e r e d  i n  a  B u ch n er fu n n e l  w i th  Whatmann num ber 
42 f i l t e r  p a p e r  f o r  th e  l a s t  tim e  to  e l im i n a t e  th e  c o n ta m in a t io n  o f  
d u s t  from  th e  s o l u t i o n .  The f i l t r a t e  th e n  w as made up to  th e  
volum e o f  50 ml by  a d d in g  a c e to n e .  Two m l o f  t h i s  s o l u t i o n  was 
m ixed  w i th  e i g h t  ml o f  a c e to n e  to  p r o v id e  1 :5  d i l u t i o n  r a t i o  b e f o r e  
a  sam p le  o f  th e  s o l u t i o n  w as i n j e c t e d  i n t o  th e  g as  c h ro m a to g ra p h .
RESULTS AND DISCUSSION
I .  S o i l  b io a s s a y
The e f f e c t s  o f  o x a d ia z o n  on  f i v e  p l a n t  s p e c ie s  i n  th e  p r e l im in a r y  
e x p e r im e n t a r e  l i s t e d  i n  T a b le  1 .  C orn , c o t to n  and cucum ber w e re  
e l im i n a t e d  from  t h i s  e x p e r im e n t due to  t h e i r  i n s e n s i t i v i t y  to  th e  
com pound. O nly  f i v e  s p e c i e s  w ere  h a r v e s te d  a t  th e  en d  o f  th e  e x p e r i ­
m e n ta l  p e r io d .  They w ere  o a t s ,  p ig w eed , r i c e ,  s e s b a n ia  and  sorghum .
S t a t i s t i c a l  a n a l y s i s ,  u s in g  a  c o m p le te  random  d e s ig n  a r ra n g e m e n t,  
was c o n d u c te d  w i th  f r e s h  w e ig h t and  d ry  w e ig h t  o f  e a c h  p l a n t .  The 
r e s u l t s  i n d i c a t e d  t h a t  t h e  e f f e c t s  o f  h e r b i c i d e  c o n c e n t r a t i o n  on 
f r e s h  w e ig h ts  an d  d ry  w e ig h ts  o f  e a c h  o f  th e  f i v e  t e s t  s p e c ie s  w ere  
s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  f i v e  p e r c e n t  l e v e l .
T a b le  1 p r e s e n t s  a  m eans o f  m easu red  p a ra m e te r s  f o r  e a c h  
i n d i v i d u a l  s p e c i e s .  V is u a l  r a t i n g s  a r e  l i s t e d  on a  10 p o i n t  s c a l e  
b a s i s .  P l a n t  h e i g h t ,  f r e s h  w e ig h t  and  d ry  w e ig h t  a r e  e x p r e s s e d  a s  
p e r c e n t  o f  c o n t r o l .  O v e r a l l  r e s u l t s  s u g g e s te d  t h a t  p ig w eed  h a d  th e  
h i g h e s t  d e g re e  o f  s e n s i t i v i t y  to  o x a d ia z o n  w h i le  sorgjium , s e s b a n ia ,  
r i c e  and  o a t s  w ere  s e c o n d , t h i r d ,  f o u r t h ,  and  f i f t h  p l a c e ,  r e s p e c ­
t i v e l y .
B ased  on th e  v i s u a l  i n j u r y  r a t i n g s ,  p igw eed  was th e  m ost 
s e n s i t i v e ,  sh o w in g  a  r a t i n g  o f  6 .9  a t  2 .5  ppm. A t t h i s  same low  
c o n c e n t r a t i o n ,  o a t s  h ad  a  r a t i n g  i n j u r y  o f  1 .9  and  sorghum  w as r a t e d
1 . 0 ,  w h i le  s e s b a n ia  an d  r i c e  show ed z e ro  i n j u r y .  B ased  on p l a n t  
h e i g h t  a t  2 .5  ppm, p igw eed  grew  o n ly  5 1 .9  p e r c e n t  o f  u n t r e a t e d  c h e c k . 
Sorghum , s e s b a n ia ,  r i c e  an d  o a t s  h ad  grown 8 0 .5 ,  8 1 .3 ,  9 1 .1  and  9 2 .0
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p e r c e n t  o f  c o n t r o l ,  r e s p e c t i v e l y .  F re s h  w e ig h t  o f  p ig w eed  a t  t h i s  
c o n c e n t r a t i o n  was 2 4 .6  p e r c e n t ,  sorghum  6 6 .6 ,  r i c e  8 7 .3 ,  s e s b a n ia  
8 7 .7  an d  o a t s  8 9 .3  p e r c e n t ,  r e s p e c t i v e l y .  Dry w e ig h t o f  p igw eed  a t
2 .5  ppm was o n ly  3 5 .2  p e r c e n t ,  sorghum  was 6 8 .1  p e r c e n t ,  r i c e  was
9 1 .5  p e r c e n t  w h i le  o a t s  an d  s e s b a n ia  w ere  a t  9 3 .2  an d  9 5 .0  p e r c e n t .
A b a r  g ra p h  r e p r e s e n t i n g  th e  d ry  w e ig h t  o f  a l l  f i v e  p l a n t
s p e c i e s  a t  2 .5  ppm i s  i l l u s t r a t e d  i n  F ig u re  3 .
R e s u l t s  o b ta in e d  from  th e  s ta n d a r d  c u rv e  s tu d y  o f  o x a d ia z o n  
u s in g  p ig w eed  a s  an  i n d i c a t o r  p l a n t  a r e  l i s t e d  i n  T a b le  2 .  A l l  means 
w e re  d e r iv e d  from  d ry  w e ig h t  o f  p igw eed  s h o o ts  and  th e y  a r e  e x p re s s e d  
a s  p e r c e n t  o f  u n t r e a t e d  c h e c k . A l l  v a lu e s  w ere  c o n v e r te d  to  lo g  
fo rm s b e f o r e  a  b io a s s a y  s ta n d a r d  c u rv e  w as c o n s t r u c t e d  a g a i n s t  h e r b i ­
c i d e  c o n c e n t r a t i o n s .  The p u rp o s e  o f  t h i s  c o n v e r s io n  was to  c o n v e r t  
a  n o n - l i n e a r  s ta n d a r d  c u rv e  to  a  s t r a i g h t  l i n e .  H o p e f u l ly ,  t h i s  
w ou ld  h e lp  to  re d u c e  any  e r r o r s  t h a t  m ig h t d e v e lo p  i n  t h e  i n t e r p r e t a ­
t i o n  o f  th e  r e s u l t s  by  u s in g  th e  n o n - l i n e a r  s ta n d a r d  c u r v e .  The 
b io a s s a y  s ta n d a r d  c u rv e  i s  g iv e n  i n  F ig u re  1 an d  i t  was u se d  to  
d e te rm in e  th e  unknown c o n c e n t r a t i o n s  o f  o x a d ia z o n  i n  s o i l  i n  o th e r  
b io a s s a y  e x p e r im e n ts .
The s e c o n d  p a r t  o f  T a b le  2 p r e s e n t s  th e  r e s u l t s  fo rm  a n a ly s e s  
o f  o x a d ia z o n  b y  G .L .C . The t h i r d  colum n c o n ta in s  th e  r e s u l t s  
fro m  r e a d in g s  o f  known c o n c e n t r a t i o n s  c o n ta in in g  p u r i f i e d  o x i d i a z i .
I n  th e  f o u r t h  colum n th e  r e a d in g s  o f  s o i l  e x t r a c t s  o b ta in e d  from  
known c o n c e n t r a t i o n s  o f  o x a d ia z o n  m ixed  w i th  known am ounts o f  s o i l  
a r e  l i s t e d .  I n  th e  l a s t  colum n p e r c e n t  r e c o v e r i e s  d e r iv e d  from  th e
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r e a d in g s  a t  th e  same c o n c e n t r a t i o n  o f  th e  s o i l  e x t r a c t s  and  th e  
s ta n d a r d  s o l u t i o n s .  D egree o f  re c o v e ry  a t  d i f f e r e n t  c o n c e n t r a t i o n s  
o f  o x a d ia z o n  was fou n d  to  be s l i g h t l y  d i f f e r e n t  w i th  v a lu e s  r a n g in g  
from  from  a  h ig h  o f  9 3 .6  to  a  low  o f  7 7 .6  p e r c e n t .  The mean o f  a l l  
r e a d in g s  was 9 6 .6  p e r c e n t  and t h i s  f i g u r e  w as u se d  to  a d j u s t  th e  
r e a d in g s  o b ta in e d  from  unknown c o n c e n t r a t i o n s .  The s ta n d a r d  c u rv e  
f o r  c h e m ic a l a n a l y s i s  i s  i l l u s t r a t e d  i n  F ig u re  2 . C hrom atogram s o f  
th e  s ta n d a r d  s o l u t i o n  and  chrom atogram s d e r iv e d  from  s o i l  e x t r a c t s  
a r e  shown i n  F ig u re  7 and  8 , r e s p e c t i v e l y .
The f i g u r e s  o b ta in e d  from  th e  p r e l im in a r y  e x p e r im e n t o f  th e  
s e n s i t i v e  p l a n t  s tu d y  s u g g e s t  t h a t  p ig w eed  s h o u ld  b e  s e l e c t e d  to  u se  
a s  an  i n d i c a t o r  p l a n t  f o r  q u a n t i t a t i v e  b io a s s a y  o f  o x a d ia z o n  w ith  
sorghum  a s  th e  se c o n d  c h o ic e .  O v e r a l l  r e s u l t s  show ed t h a t  p ig w eed  
was m ore s e n s i t i v e  to  t h i s  h e r b i c i d e  th a n  o th e r  s p e c i e s ,  e s p e c i a l l y  
a t  th e  lo w e s t  h e r b i c i d e  c o n c e n t r a t i o n .  When c o n c e n t r a t i o n  o f  t h i s  
h e r b i c i d e  in c r e a s e d  from  2 .5  to  20 ppm, a  g r a d u a l  r e d u c t io n  i n  g ro w th  
o f  p igw eed  was o b s e rv e d . A b i l i t y  to  p ro d u c e  a  r a p id  g ro w th  w i th i n  
a  s h o r t  p e r io d  o f  tim e  and  h ig h  d e g re e  o f  s e e d  g e rm in a t io n  w ere  
o t h e r  f a c t o r s  c o n s id e r e d  i n  th e  s e l e c t i o n  o f  p igw eed  a s  th e  s p e c i e s  
u se d  i n  th e  s ta n d a r d  b io a s s a y .  D esm oras and  P e t r in k o  (36 ) and  
R h o d ia  (105 ) l i s t e d  p igw eed  as  th e  m ost s e n s i t i v e  p l a n t  f o r  o x a d ia z o n  
and  sorghum  a s  th e  se c o n d  c h o ic e .  S e s b a n ia ,  r i c e  and  o a t s  w ere  
l i s t e d  by th e s e  i n v e s t i g a t o r s  a s  r e s i s t a n t  s p e c i e s .
Q u a n t i t a t i v e  d e te r m in a t io n s  o f  unknown c o n c e n t r a t i o n s  o f  h e r b i ­
c id e s  u s in g  a  s ta n d a r d  c u rv e  r e q u i r e s  a  h ig h  d e g re e  o f  l i n e a r i t y  f o r  
p r e c i s e  d e te r m in a t io n  ( 8 5 ) .  P l a n t  b io a s s a y s  u s u a l l y  p ro v id e  a
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n o n - l i n e a r  s ta n d a r d  c u rv e  i f  th e  o b s e rv e d  v a lu e s  o f  p l a n t  r e s p o n s e  
a r e  p l o t t e d  a g a i n s t  h e r b i c i d e  c o n c e n t r a t i o n  on r e g u l a r  g ra p h  p a p e r .
B u t p l o t t i n g  th e s e  v a lu e s  i n  th e  fo rm  o f  lo g  w i l l  change  a  n o n - l i n e a r  
s ta n d a r d  c u rv e  to  a  m ore l i n e a r  fo rm . T h is  fo rm  s h o u ld  p ro v id e  a  
h ig h e r  d e g re e  o f  a c c u ra c y  i n  d e te r m in a t io n .  I n  th e  c h e m ic a l a n a l y s i s  
u s in g  G .L .C .,  a  l i n e a r  r e s p o n s e  o v e r  th e  e n t i r e  ra n g e  o f  c o n c e n t r a t i o n s  
i s  a  d e s i r a b l e  f e a t u r e  w h ere  any q u a n t i t a t i v e  a n a l y s i s  i s  p e r fo rm e d .
A s ta n d a r d  c u rv e  d e r iv e d  fro m  t h i s  ty p e  o f  r e s p o n s e  w ou ld  b e  a  
s t r a i g h t  l i n e  w i th  t h e  l i n e  p a s s in g  th ro u g h  z e ro  c o n c e n t r a t i o n  (4 9 ,
7 7 ,8 5 ,1 1 8 ) .
I I .  L e a c h in g  e x p e r im e n t
R e s u l t s  o b ta in e d  fro m  le a c h in g  s t u d i e s  o f  o x a d ia z o n  i n  colum ns 
c o n ta in in g  a  C row ley  s i l t  loam  s o i l  a s  a f f e c t e d  by v a r io u s  am ounts 
o f  s im u la te d  r a i n f a l l  a r e  l i s t e d  i n  T a b le  3 .
S t a t i s t i c a l  a n a l y s i s  o f  oven  d ry  w e ig h t  o f  p igw eed  was c o n d u c te d  
u s in g  a  s im p le  f a c t o r i a l  a r r a n g e m e n t .  The am ount o f  w a te r  a p p l i e d ,  
d e p th  o f  movement and  i n t e r a c t i o n  b e tw e e n  th e  am ount o f  w a te r  a p p l i e d  
and  th e  d e p th  o f  movement w e re  fo u n d  to  b e  s i g n i f i c a n t  a t  th e  f i v e  
p e r c e n t  l e v e l .
Means fro m  th e  b io a s s a y  i n d i c a t e d  t h a t  th e  s u r f a c e  a p p l i c a t i o n  
o f  o x a d ia z o n  a t  4 l b  a i /A  d id  n o t  move v e ry  much w i th  6 in c h e s  o f  
s im u la te d  r a i n f a l l .  A l l  o f  th e  h e r b i c i d e  was fo u n d  to  b e  d e p o s i t e d
i?
i n  th e  to p  one in c h  s o i l  l a y e r .  S e q u e n t i a l  a p p l i c a t i o n s  o f  w a te r  to  
s im u la te  two 6 in c h  r a i n s  moved t h i s  c h e m ic a l down to  th e  se c o n d  
in c h  l a y e r .  A t t h i s  d e p th  i n  th e  s o i l  o n ly  a  t r a c e  am ount ( 0 .2  ppm) 
c o u ld  b e  d e t e c t e d .  A p p l ic a t io n  o f  6 in c h  in c re m e n ts  t h r e e  t im e s
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d id  n o t  move th e  compound f u r t h e r  down beyond  th e  se c o n d  in c h  l e v e l . , 
B u t 0 .6  ppm o f  th e  c h e m ic a l w as fo u n d  a t  t h i s  d e p th .
C hem ical a n a l y s i s  o f  th e  same s o i l  sam p le s  i n d i c a t e d  s l i g h t l y  
d i f f e r e n t  p a t t e r n s  o f  l e a c h in g  th a n  was fo u n d  i n  th e  b io a s s a y  
d e t e r m in a t io n s .  O v e r a l l  r e s u l t s  showed t h a t  a p p l i c a t i o n s  o f  6 in c h e s  
o f  w a te r  moved o x a d ia z o n  down th e  colum n to  th e  se c o n d  in c h  l e v e l .  
T re a tm e n t w i th  w a te r  a s  two 6 in c h  in c re m e n ts  moved t h i s  c h e m ic a l 
f u r t h e r  down to  th e  3 in c h  l e v e l  w here  a  t r a c e  o f  o x a d ia z o n  c o u ld  b e  
fo u n d . A p p l ic a t io n  o f  6 in c h e s  t h r e e  tim e s  d id  n o t  move th e  h e r b i c id e  
below  th e  3 in c h  l e v e l .
R e s u l t s  from  th e  i n t a c t  s o i l  colum n e x p e r im e n t w ere  fo u n d  to  
b e  in b e tw e e n  th e  p l a n t  b io a s s a y  ( th e  s e c t io n e d  s o i l  colum n) and 
c h e m ic a l a n a l y s i s . The r e s u l t s  i n d i c a t e d  t h a t  a p p l i c a t i o n  o f  6 in c h e s  
o f  w a te r  moved o x a d ia z o n  down to  th e  1 .4  in c h  l e v e l ,  w h i le  a p p l i c a t i o n  
o f  12 in c h e s  o r  18 in c h e s  le a c h e d  th e  c h e m ic a l f u r t h e r  down to  th e  1 .7  
and  2 .6  in c h  l e v e l s ,  r e s p e c t i v e l y .
The b io a s s a y  and  c h e m ic a l a n a ly s e s  o f  a l l  l e a c h a t e s  c o l l e c t e d  
from  e a c h  i n d i v i d u a l  colum n i n d i c a t e d  t h a t  th e s e  l e a c h a t e s  c o n ta in e d  
no o x a d ia z o n .
R e s u l t s  o f  th e s e  le a c h in g  s t u d i e s  a r e  i n  a g re e m e n t w i th  p r e v io u s  
i n v e s t i g a t i o n s  o f  o t h e r  w o rk e r s .  D esm oras e t  a l  (3 5 ) and  R h o d ia  
(105) r e p o r t e d  t h a t  o x a d ia z o n  w as s t r o n g l y  l i n k e d  w i th  o r g a n ic  m a t t e r  
o r  humus f r a c t i o n s  and  o t h e r  s o i l  c o n s t i t u e n t s .  T h ese  s o i l  f r a c t i o n s  
w ere  th e  l i m i t i n g  f a c t o r s  i n  p e r c o l a t i o n  o f  t h i s  h e r b i c i d e  i n  th e  
s o i l .  S o l u b i l i t y  o f  h e r b i c i d e  was fo u n d  to  b e  a n o th e r  c r i t i c a l  f a c t o r  
i n  l e a c h in g  o f  many h e r b i c i d e s .  Any h e r b i c i d e  t h a t  h ad  a  v e ry  low
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d e g re e  o f  w a te r  s o l u b i l i t y  su ch  a s  o x a d ia z o n  u s u a l ly  le a c h e d  l e s s  
th a n  th e  one p o s s e s s in g  a  h ig h e r  d e g re e  o f  s o l u b i l i t y  ( 9 2 ,1 0 5 ) .  M ost 
o f  th e  le a c h in g  e x p e r im e n ts  c o n d u c te d  w ith  low  s o l u b i l i t y  h e r b i c i d e s  
fo u n d  movement to  b e  l i m i t e d  to  th e  to p  few  in c h e s  o f  th e  s o i l  (3 5 , 
4 3 ,4 6 ,1 0 5 ,1 0 7 ) .  O rg a n ic  m a t t e r  c o n te n t  o f  th e  s o i l  w as fo u n d  to  b e  
one o f  th e  c r i t i c a l  f a c t o r s  i n  l i m i t i n g  th e  movement o f  h e r b i c i d e  
due to  i t s  g r e a t  a b i l i t y  to  a d s o rb  th e  c h e m ic a l ( 3 2 ,3 3 ,7 3 ,1 1 6 ) .  C lay  
c o n te n t  an d  ty p e s  o f  c l a y s  h a v e  b een  r e p o r t e d  to  b e  a n o th e r  f a c t o r  
( 1 2 ) .  A h eav y  s o i l  t e x t u r e  i n  many r i c e  a r e a s  i n  th e  U n ite d  S t a t e s  
w as r e p o r te d  t o  a l lo w  l e s s  l e a c h in g  th a n  a  l i g h t  t e x t u r e  s o i l  ( 3 9 ,4 1 ,  
4 6 ,1 2 6 ) .  S o i l  r e a c t i o n  o r  pH w as r e p o r t e d  to  e x e r t  a  g r e a t  d e a l  o f  
in f l u e n c e  on l i m i t i n g  th e  d e g re e  o f  l e a c h in g  o f  many h e r b i c i d e s  i n  
s o i l .  Many i n v e s t i g a t o r s  p o in t e d  o u t  t h a t  u n d e r  a  s l i g h t l y  a c id  
c o n d i t io n  o f  pH 5 to  6 .5  a d s o r p t io n  o f  th e  h e r b i c id e s  by s o i l  f r a c t i o n s  
was g r e a t e r  th a n  a t  pH c lo s e  to  7 o r  above ( 1 1 ,3 9 ,1 3 6 ,1 3 7 ) .
No s t u d i e s  w ere  c o n d u c te d  to  d e te rm in e  w h ich  o f  th e s e  f a c t o r s  
w ere  r e s p o n s ib l e  f o r  th e  p o o r  movement o f  o x a d ia z o n  i n  C row ley  s i l t  
loam .
I I I .  I n f lu e n c e  o f  f lo o d in g  on d e g r a d a t io n  u n d e r  n a t u r a l  s u n l i g h t
T a b le  4 r e p r e s e n t s  r e s u l t s  from  th e  s tu d y  on d e t o x i c a t i o n  o f  
o x a d ia z o n  u n d e r  n o n f lo o d e d ,  f lo o d e d  and  a l t e r n a t i o n  o f  f lo o d e d  and 
n o n f lo o d e d  c o n d i t i o n s .
S t a t i s t i c a l  a n a l y s i s  o f  d ry  w e ig h t o f  th e  b io a s s a y  was 
c a l c u l a t e d  u s in g  a  s im p le  f a c t o r i a l  a r ra n g e m e n t.  The r e s u l t s  
i n d i c a t e d  t h a t  t r e a tm e n t ,  t im e  and  i n t e r a c t i o n  o f  t r e a tm e n t  and
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t im e  w ere  s i g n i f i c a n t  a t  th e  f i v e  p e r c e n t  l e v e l  i n  b o th  2 ppm and  
4 ppm e x p e r im e n ts .
B io a s s a y  d e te r m in a t io n s  o f  t h e  2 ppm e x p e r im e n t i n d i c a t e d  
t h a t  th e  t r e a tm e n t  k e p t  u n d e r  n o n f lo o d e d  c o n d i t io n s  showed no 
d e g r a d a t io n  o f  th e  c h e m ic a l .  On th e  o t h e r  h a n d , r e s u l t s  seem ed 
to  i n d i c a t e  t h a t  b a s e d  on p h y t o t o x i c i t y  to  p ig w eed  th e  c o n c e n t r a t i o n  
in c r e a s e d  from  2 ppm to  4 ppm a t  60 d ay s  a f t e r  e x p o s u re .  The 
c o n c e n t r a t i o n  re d u c e d  to  3 .2  ppm a t  th e  en d  o f  th e  e x p e r im e n t .  The 
sam e t r e a tm e n t  k e p t  u n d e r  f lo o d e d  c o n d i t io n s  i n d i c a t e d  some d e g re e  
o f  d e t o x ic a t io n  o f  th e  c h e m ic a l .  A t 30 d ay s  th e  r e s u l t s  i n d i c a t e d  
t h a t  t h e  c o n c e n t r a t i o n  o f  t h i s  c h e m ic a l  h a d  i n c r e a s e d  fro m  2 ppm 
to  3 .5  ppm. The t o x i c  e f f e c t  was re d u c e d  t o  1 .3  ppm a t  th e  en d  o f  
th e  e x p e r im e n ta l  p e r io d .  A l t e r n a t i o n  o f  f lo o d e d  an d  n o n f lo o d e d  
t r e a tm e n t  showed no  d e g r a d a t io n  d u r in g  180 d ay s o f  e x p o s u re  t im e .
B u t th e  d e g re e  o f  p h y t o t o x i c i t y  seem ed to  i n d i c a t e  a n  in c r e a s e  
w i th  tim e  o f  e x p o s u re  and  i t  s ta y e d  th ro u g h o u t  th e  e x p e r im e n ta l  
p e r io d .  A t th e  end  o f  180 d a y s ,  p h y t o t o x i c i t y  was fo u n d  to  i n c r e a s e  
from  2 ppm to  3 .2  ppm, r e s p e c t i v e l y .
C hem ica l a n a l y s i s  o f  th e  sam e s o i l  sa m p le s  showed s l i g h t l y  d i f f e r e n t  
r e s u l t s  from  b io a s s a y  d e t e r m in a t io n s .  The r e s u l t s  i n d i c a t e d  t h a t  th e  
2 ppm c o n c e n t r a t i o n  k e p t  u n d e r  n o n f lo o d e d  c o n d i t io n s  d e g ra d e d  0 .3  ppia 
a f t e r  60 d ay s  o f  e x p o s u re  to  s u n l i g h t  an d  t h e  c o n c e n t r a t i o n  w as fo u n d  
to  b e  1 .6  ppm a t  th e  en d  o f  180 d a y s .  The 2 ppm t r e a tm e n t  b e in g  
k e p t  u n d e r  f lo o d e d  c o n d i t i o n s  w as fo u n d  n o t  t o  d e g ra d e  i n  th e  f i r s t  
60 d ay s  o f  e x p o s u re  b u t  th e  c h e m ic a l  d e g ra d e d  to  1 .7  ppm c o n c e n t r a t i o n
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a t  th e  end  o f  t h e  e x p e r im e n ta l  p e r io d .  T re a tm e n ts  b e in g  k e p t  u n d e r 
a l t e r n a t e  f lo o d e d  and  n o n f lo o d e d  c o n d i t io n s  showed no s ig n  o f  
d e g r a d a t io n  th ro u g h o u t  th e  e x p e r im e n ta l  p e r io d .
B io a s s a y  d e t e r m in a t io n  o f  t r e a tm e n t  a t  4 ppm in d i c a t e d  no 
d e g r a d a t io n  th ro u g h o u t  th e  e x p o s u re  p e r io d  o f  180 d a y s . P h y to to x i c i l y  
o f  th e  c h e m ic a l was fo u n d  to  i n c r e a s e  a t  60 days from  4 .0  ppm to  4 .9  
ppm. T h is  t o x i c i t y  w as re d u c e d  to  4 .6  ppm a t  th e  end  o f  th e  e x p e r i ­
m e n ta l p e r io d .  S im i la r  r e s u l t s  w ere  o b ta in e d  i n  th e  same t r e a tm e n t  
b e in g  k e p t  u n d e r  f lo o d e d  c o n d i t io n s  b u t  a t  th e  en d  o f  180 days 
e x p o s u re  p e r io d ,  th e  c o n c e n t r a t i o n  o f  o x a d ia z o n  w as fo u n d  to  b e  
3 .6  ppm. The t r e a tm e n t  b e in g  k e p t  u n d e r  a l t e r n a t i n g  f lo o d e d  and  
n o n f lo o d e d  c o n d i t io n s  show ed no  d e g r a d a t io n  o f  o x a d ia z o n  th ro u g h o u t 
th e  p e r io d  o f  180 d ay s  and  th e  c o n c e n t r a t i o n  o f  t h i s  c h e m ic a l a p p e a re d  
t o  i n c r e a s e  from  4 .0  ppm to  4 .6  ppm a t  th e  end  o f  th e  e x p e r im e n ta l  
p e r io d .
C hem ical a n a ly s e s  i n d i c a t e d  some d e g re e  o f  d e t o x i c a t i o n  o f  
o x a d ia z o n  i n  t h i s  e x p e r im e n t .  The r e s u l t s  s u g g e s t  t h a t  t r e a tm e n t  
a t  4 ppm d e g ra d e d  0 .2  ppm a f t e r  60 days o f  e x p o s u re  to  l i g h t  u n d e r  
n o n f lo o d e d  c o n d i t i o n s .  A t th e  en d  o f  th e  e x p e r im e n ta l  p e r io d ,  concen­
t r a t i o n  o f  o x a d ia z o n  was fo u n d  to  b e  3 .7  ppm. S im i la r  r e s u l t s  w ere  
o b ta in e d  fro m  t r e a tm e n t s  b e in g  k e p t  u n d e r  f lo o d e d  and  a l t e r n a t i n g  
f lo o d e d  an d  n o n f lo o d e d  c o n d i t i o n s .  B u t th e  d e g re e  o f  d e t o x ic a t io n  
fro m  th e s e  two t r e a tm e n t s  was fo u n d  to  b e  s l i g h t l y  g r e a t e r  b e c a u se  
a t  th e  end  o f  th e  e x p e r im e n ta l  p e r io d ,  c o n c e n t r a t i o n s  o f  o x a d ia z o n  
w ere  fo u n d  to  b e  3 .3  ppm e a c h .
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P la n t  b io a s s a y  in d i c a t e d  in c r e a s e d  p h y t o t o x i c i t y  when o x a d ia z o n  
was i n c o r p o r a te d  i n t o  th e  s o i l  and  k e p t  i n  n a t u r a l  s u n l i g h t  u n d e r  
n o n f lo o d e d  o r  a l t e r n a t i n g  f lo o d e d  and  n o n f lo o d e d  c o n d i t i o n s .  The 
b e s t  e x p la n a t io n  f o r  t h i s  phenom enon i s  b a s e d  on th e  p r e v io u s  w orks 
o f  M e sse rsm ith  e t  a l  ( 8 7 ) .  They r e p o r te d  t h a t  e i t h e r  p h y t o t o x i c i t y  o f  
t r i f l u r a l i n  in c r e a s e d  a f t e r  th e  c h e m ic a l was e x p o sed  to  l i g h t  o r  th e  
p r o d u c ts  o f  p h o to d e c o m p o s it io n  o f  t r i f l u r a l i n  w ere  p h y to to x ic .  They 
m e n tio n e d  t h a t  p h o to r e a c t io n  c o u ld  c o n v e r t  th e  c h e m ic a l from  one 
t o x i c  fo rm  to  a n o th e r  t o x i c  fo rm .
The b a s i c  m o le c u la r  s t r u c t u r e  o f  o x a d ia z o n  i s  c l o s e l y  r e l a t e d  
to  a  phenoxy  h e r b i c i d e  b e c a u s e  o x a d ia z o n  i s  com posed o f  a  p h e n o l 
r i n g  i n  w h ich  c h l o r i n e s  h a v e  b e e n  in t r o d u c e d  a t  c a rb o n  num bers two and  
f o u r .  A t c a rb o n  num ber f i v e ,  an  is o p ro p y lo x y  g ro u p  was in t r o d u c e d  
and  c a rb o n  num ber o ne  j o i n s  w i th  th e  o x a d ia z o n  r i n g .  I f  p h o to r e a c t io n  
w orks on t h i s  com plex  s t r u c t u r e  and  s e p a r a t e s  th e  two r i n g s ,  a  
m o le c u le  w h ich  may b e  c o n v e r te d  to  2 ,4 -D  may b e  p ro d u c e d . The a d d i t i v e  
e f f e c t s  o f  th e  p r o d u c ts  o f  p h o to d e c o m p o s it io n  p lu s  e f f e c t s  o f  o x a d ia ­
zon may in c r e a s e  th e  o v e r a l l  p h y t o t o x i c i t y  i n  th e s e  t r e a t e d  s o i l s .
Payne and  F u l t  (96 ) and  A ly  and  F a u s t  (3 ) h av e  r e p o r t e d  t h a t  
th e  e f f e c t  o f  phenoxy h e r b i c i d e  in c r e a s e d  when th e y  w ere  ex p o sed  
to  s u n l i g h t .  I f  phenoxy  ty p e  compound i s  fo rm ed  i n  o x a d ia z o n  d e g ra d a ­
t i o n  i t s  e f f e c t s  may a l s o  b e  in c r e a s e d  w i th  s u n l i g h t .
On th e  c o n t r a r y ,  t r e a tm e n ts  s t o r e d  u n d e r  f lo o d e d  c o n d i t io n s  
show ed l i t t l e  d e g r a d a t io n  a t  th e  end  o f  th e  e x p e r im e n ta l  p e r io d  o r
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a f t e r  th e  p h y t o t o x i c i t y  re a c h e d  th e  maximum p o i n t .  An e x p la n a t io n  
f o r  t h i s  r e a c t i o n  c o u ld  b e  t h a t  th e  p r o d u c t io n  o f  phenoxy  h e r b i c i d e s  
o c c u rs  i n  th e  e a r l y  s t a g e  and  d e t o x i c a t i o n  o f  b o th  o x a d ia z o n  and  
phenoxy compounds o c c u r s  u n d e r  f lo o d e d  o r  h ig h  w a te r  s i t u a t i o n s  a t  th e  
l a t e r  s t a g e s .  Phenoxy h e r b i c i d e s  and  many h e r b i c i d e s  s t o r e d  u n d e r  
h ig h e r  s o i l  m o is tu r e  c o n d i t io n s  w ere  r e p o r t e d  to  u n d e rg o  m o le c u la r  
d e s t r u c t i o n  f a s t e r  th a n  when th e y  w ere  s t o r e d  a t  a  low  m o is tu r e  
c o n d i t io n  ( 1 7 ,4 7 ,6 7 ,7 2 ,7 5 ,9 0 ,1 0 6 ) .
P h o to d e c o m p o s itio n s  o f  2 ,4 -D  and  o t h e r  c h e m ic a ls  w ere  fou n d  
to  b e  pH d e p e n d e n t phenom ena. The r a t e  o f  d e c o m p o s i tio n  was f a s t  
above pH 7 and  s lo w  b elow  pH 4 ( 3 ,2 7 ) .  U nder f lo o d e d  c o n d i t io n s  
o f  th e  C row ley  s i l t  loam  s o i l ,  pH o f  t h i s  s o i l  s h o u ld  b e  a ro u n d  
6 .5  -  7 .0 .  T h is  may b r in g  a b o u t a  m o d e ra te  d e t o x i c a t i o n  o f  phenoxy 
h e r b i c id e s  in c lu d in g  o x a d ia z o n . U nder t h i s  c o n d i t io n  p h y t o t o x i c i t y  
o f  o x a d ia z o n  w ou ld  n o t  b e  a c c u m u la te d .
R e s u l t s  from  c h e m ic a l a n a l y s i s  i n d i c a t e d  t h a t  a l l  t r e a tm e n ts  
u n d e rw en t d e c o m p o s i tio n . The r e s u l t s  a g r e e  v e ry  w e l l  w i th  th e
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b io a s s a y  o f  t r e a tm e n ts  s t o r e d  u n d e r  f lo o d e d  c o n d i t i o n s .  B u t th e y  
c o n t r a s t  w i th  th e  b io a s s a y  d a ta  on t r e a tm e n ts  k e p t  u n d e r  n o n f lo o d e d  
o r  a l t e r n a t i n g  f lo o d e d  and  n o n f lo o d e d  c o n d i t i o n s .  The d i f f e r e n c e  i n  
th e s e  two ty p e s  o f  d e te r m in a t io n s  may b e  due to  th e  f a c t  t h a t  c h e m ic a l 
a n a ly s e s  o f  o x a d ia z o n  d id  n o t  p ic k  up any  u n u s u a l  compounds t h a t  
c o u ld  b e  fo rm ed  d u r in g  th e  d e c o m p o s i tio n  o f  o x a d ia z o n . T h is  was 
b e c a u se  th e  G .L .C . p ro c e d u re  was s e l e c t e d  to  b e  s p e c i f i c  f o r  o x a d ia z o n . 
S in c e  th e  r e t e n t i o n  tim e  o f  o x a d ia z o n  i s  a b o u t 2 .5  m in u te s  u n d e r  th e
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s e l e c t e d  c o n d i t i o n s ,  i f  t h e  new p r o d u c ts  p o s s e s s e d  a  lo n g e r  r e t e n t i o n  
tim e  i t  w ou ld  n o t  b e  d e t e c t e d  i n  t h i s  d e t e r m in a t io n .
IV . E f f e c t  o f  s o i l  m o is tu r e
The r e s u l t s  o b ta in e d  fro m  b io a s s a y  an d  c h e m ic a l a n a l y s i s  o f  s o i l  
s t o r e d  f o r  one y e a r  a t  d i f f e r e n t  l e v e l s  o f  s o i l  m o is tu r e  a r e  p r e s e n te d  
i n  T a b le  5 .
S t a t i s t i c a l  a n a l y s i s  o f  d ry  w e ig h t  o f  p ig w eed  w as c o n d u c te d  u s in g  
a  s im p le  f a c t o r i a l  a r r a n g e m e n t .  The r e s u l t s  show ed h ig h l y  s i g n i f i c a n t  
d i f f e r e n c e s  e x i s t e d  b e tw e e n  d i f f e r e n t  m o is tu r e  l e v e l s ,  s t o r a g e  tim e s  
and th e  i n t e r a c t i o n  o f  m o is tu r e  l e v e l s  and  s t o r a g e  t im e s .
B io a s s a y  d e t e r m in a t io n s  i n d i c a t e d  t h a t  i n c o r p o r a t i o n  o f  o x a d ia z o n  
a t  4 ppm i n  th e  r i c e  s o i l  sam p le s  show ed no  ch an g e  i n  h e r b i c i d a l  
c o n c e n t r a t i o n s  when th e s e  sa m p le s  w e re  k e p t  a t  1 5 , 3 0 , 4 5 , 60 and  
75 p e r c e n t  m o is tu r e s  f o r  45 d a y s .  A f t e r  90 d ay s  o f  s to r a g e  no 
change  i n  h e r b i c i d e  c o n c e n t r a t i o n  was fo u n d  i n  sa m p le s  s t o r e d  a t  
15 , 3 0 , 45 and  75 p e r c e n t  m o i s tu r e .  S i g n i f i c a n t  m o le c u la r  d e s t r u c t i o n  
was fo u n d  i n  th e  sam p le  s t o r e d  a t  60 p e r c e n t .  The v a lu e  o f  d e t o x i ­
c a t i o n  i n  t h i s  sam p le  was 1 .8  ppm. A t t h e  en d  o f  135 d a y s  o f  s t o r a g e ,  
no  s i g n i f i c a n t  ch an g e  i n  h e r b i c i d e  a c t i v i t y  was fo u n d  i n  any  sam p les  
when com pared  to  th e  a c t i v i t y  a t  90 d a y s .  M o le c u la r  d e s t r u c t i o n  
o f  o x a d ia z o n  w as fo u n d  to  b e  s i g n i f i c a n t  o n ly  a t  75 p e r c e n t  m o is tu r e  
c o n te n t  a t  t h e  en d  o f  180 d a y s . A t 270 d a y s  a f t e r  t r e a tm e n t  co n cen ­
t r a t i o n s  o f  o x a d ia z o n  w ere  fo u n d  to  b e  re d u c e d  a t  60 and  75 p e r c e n t  
m o is tu r e  c o n t e n t .  A t th e  end  o f  one y e a r  o f  s t o r a g e ,  f i n a l  co n cen ­
t r a t i o n s  o f  o x a d ia z o n  i n  th e  sa m p le s  s t o r e d  a t  60 and  75 p e r c e n t  
m o is tu r e  w ere  re d u c e d  th e  m o s t, w h i le  th e  15 p e r c e n t  m o is tu r e
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t r e a tm e n t  showed th e  l e a s t  am ount o f  d e g r a d a t io n .  I t  s h o u ld  be  
n o te d  t h a t  t h e r e  was s t r i k i n g  r e d u c t io n  i n  o x a d ia z o n  c o n c e n t r a t i o n s  
a t  a l l  l e v e l s  e x c e p t  th e  15 p e r c e n t  m o is tu r e  c o n t e n t .
C hem ical a n a l y s i s  o f  th e  same s o i l  sam p le s  g e n e r a l ly  a g re e  w ith  
th e  r e s u l t s  o f  b io a s s a y  d e t e r m in a t io n s .  The o v e r a l l  r e s u l t s  
c o n f irm e d  t h a t  90 days a f t e r  t r e a tm e n t ,  no o x a d ia z o n  was d e g ra d e d  
i n  th e  sam p les  s t o r e d  a t  15 an d  30 p e r c n e t  s o i l  m o is tu r e .  S l i g h t  
ch an g e  i n  h e r b i c i d e  c o n c e n t r a t i o n s  was fo u n d  i n  sam p le s  s t o r e d  
a t  4 5 , 60 and  75 p e r c e n t  m o is tu r e  c o n te n t .  A t 180 d ay s  f u r t h e r  
m o le c u la r  d e s t r u c t i o n  w as fo u n d  in  sam p le s  s t o r e d  a t  1 5 , 30 , 45 ,
60 and  75 p e r c e n t  s o i l  m o i s tu r e .  C o n tin u e d  d e g r a d a t io n  was fo u n d  
a t  a l l  m o is tu r e  l e v e l s  f o r  th e  270 and  365 day  s to r a g e  p e r io d s .
The o v e r a l l  r e s u l t s  in d i c a t e d  t h a t  p h y t o t o x i c i t y  o f  o x a d ia z o n  
d e c re a s e d  g r e a t l y  a s  t im e  o f  s to r a g e  i n c r e a s e d ,  e s p e c i a l l y  i n  sam p les  
s t o r e d  a t  th e  h ig h e r  s o i l  m o is tu r e s  p e r c e n ta g e .  The same ty p e  o f  
r e s u l t s  h av e  b e e n  fo u n d  b y  o t h e r  i n v e s t i g a t o r s  who h a v e  w orked  w ith  
many h e r b i c i d e s .  G ro v e r (48 ) r e p o r t e d  t h a t  th e  t o x i c i t y  o f  p ic lo r a m  
was re d u c e d  tre m e n d o u s ly  i n  s o i l  sam p le s  s t o r e d  a t  h ig h e r  m o is tu r e  
l e v e l s .  K r i e r  (7 2 ) an d  Brown and  M i tc h e l l  (1 7 ) c o n c lu d e d  t h a t  
p h y t o t o x i c i t y  o f  2 ,4 -D  w as i n f lu e n c e d  b y  th e  s o i l  m o is tu r e  l e v e l  
d u r in g  s t o r a g e .  Sam ples b e in g  s t o r e d  a t  h ig h e r  l e v e l s  o f  s o i l  
m o is tu r e  show ed l e s s  t o x i c  th a n  sam p le s  s t o r e d  a t  lo w e r  m o is tu r e  
l e v e l s  an d  th e  r a t e  o f  i n a c t i v a t i o n  o f  t h i s  h e r b i c i d e  was fo u n d  to  
d e c r e a s e  a s  tim e  o f  s t o r a g e  i n c r e a s e d .  S im i la r  r e s u l t s  w e re  fo u n d  
w i th  EPTC an d  am iben  (1 2 5 ) and  w ith  t r i f l u r a l i n  ( 8 7 ,9 0 ,1 0 6 ) .
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V a rio u s  m echanism s o f  d e t o x i c a t i o n  o f  o x a d ia z o n  may b e  p o s t u l a t e d  
f o l lo w in g  th e  exam ple  o f  o t h e r  w o rk e rs  s tu d y in g  d e t o x i c a t i o n  o f  o t h e r  
h e r b i c i d e s .  T hese  m echanism s in c lu d e  c le a v a g e  a t  th e  s i d e  c h a in  
o r  e s t e r  l in k a g e  i n  many c a r b o n a te  h e r b i c i d e s  ( 6 7 ) .  A c h e m ic a l 
h y d r o ly s i s  m echanism  was r e p o r t e d  to  b e  th e  im p o r ta n t  f a c t o r  i n  
d e t o x i c a t i o n  o f  a t r a z i n e  u n d e r  h ig h e r  m o is tu r e  c o n d i t io n s  (1 2 1 ) .  
T a l b e r t  e t  a l  (126) em p h asized  t h a t  u n d e r  low  m o is tu r e  c o n d i t io n s  
no h y d r o ly s i s  o f  th e  h e r b i c i d e  m o le c u le  to o k  p l a c e  s i n c e  many h e r b i ­
c id e s  w ere  fo u n d  to  b e  s t a b l e  u n d e r  t h i s  c o n d i t i o n .  A n o th e r  p o s s i b l e  
m echanism  w h ich  m ig h t b e  in v o lv e d  w i th  o x a d ia z o n  and  o t h e r  h e r b i c i d e s  
w as r e p o r te d  by  P lim m er e t  a l  ( 9 8 ,9 9 ) .  T h ese  i n v e s t i g a t o r s  p o s t u l a t e d  
t h a t  th e  f r e e  r a d i c a l  g e n e r a te d  by  s o i l  o r g a n ic  m a t t e r  d u r in g  i t s  
d e c o m p o s i tio n  was in v o lv e d  w i th  d e t o x i c a t i o n  o f  s - t r i a z i n e  h e r b i c i d e s  
w h ich  w ere  in c o r p o r a te d  i n  th e  s o i l .
V. M ic ro b ia l  d e g r a d a t io n
D a ta  d e r iv e d  fro m  m ic r o b ia l  d e g r a d a t io n  e x p e r im e n ts  o f  o x a d ia z o n  
a r e  p r e s e n te d  i n  T a b le s  6 an d  7 .
The r e s u l t s  o b ta in e d  from  th e  n o n a u to c la v e d  s o i l  e x p e r im e n t 
w i th  b o th  b io a s s a y  d e t e r m in a t io n  and  c h e m ic a l a n a l y s i s  a r e  g iv e n  
i n  T a b le  6 .
S t a t i s t i c a l  a n a l y s i s  o f  th e  r e s u l t s  fro m  th e  n o n a u to c la v e d  s o i l  
e x p e r im e n t was c o n d u c te d  w i th  d ry  w e ig h t  o f  p ig w eed  u s in g  a  s im p le  
f a c t o r i a l  a r ra n g e m e n t.  H ig h ly  s i g n i f i c a n t  d i f f e r e n c e s  w ere  fo u n d  a t  
f i v e  p e r c e n t  l e v e l s  i n  d i f f e r e n t  t r e a tm e n t s ,  t im e  o f  in c u b a t io n  and 
i n t e r a c t i o n  o f  t r e a tm e n ts  an d  in c u b a t io n  t im e .
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U io assay  d e te r m in a t io n s  p o in te d  o u t  t h a t  i n c o r p o r a t io n  o f  
o x a d ia z o n  i n t o  a  r i c e  s o i l  a t  4 ppm by i t s e l f  show ed no d e g r a d a t io n  
o f  t h i s  h e r b i c i d e  i n  th e  f i r s t  135 days o f  in c u b a t io n .  A f te r  135 
d ay s  up to  270 d ay s o f  i n c u b a t io n  p h y t o t o x i c i t y  o f  t h i s  c h e m ic a l was 
in c r e a s e d  from  4 ppm to  4 .4  ppm. The d e g re e  o f  p h y t o t o x i c i t y  was 
fo u n d  to  b e  d e c r e a s e d  a f t e r  one y e a r  o f  in c u b a t io n  and  th e  f i n a l  
c o n c e n t r a t i o n  o f  t h i s  h e r b i c i d e  w as fo u n d  a t  3 .7  ppm a t  th e  end  o f  
455 d ay s in c u b a t io n  p e r io d .
S im i la r  r e s u l t s  w ere  o b ta in e d  fro m  t r e a tm e n t  o f  o x a d ia z o n  a t  
4 ppm p lu s  n i t r o g e n .  P h y t o t o x i c i t y  o f  t h i s  h e r b i c i d e  was fo u n d  to  
i n c r e a s e  s l i g h t l y  a f t e r  in c u b a t io n  and  i t  c o n t in u e d  to  b u i l d  up to  
4 .2  ppm a t  225 d ay s  a f t e r  i n c u b a t i o n .  The r a t e  o f  d e t o x i c a t i o n  was 
fo u n d  to  i n c r e a s e  a f t e r  270 d ay s  o f  i n c u b a t io n  and  th e  f i n a l  co n cen ­
t r a t i o n  was l i s t e d  a s  3 .3  ppm a t  th e  end  o f  455 day  p e r io d .
I n c o r p o r a t io n  o f  o x a d ia z o n  a t  4 ppm p lu s  r i c e  s t r a w  r e s u l t e d  
i n  no s i g n i f i c a n t  h e r b i c i d a l  c o n c e n t r a t i o n  ch an g e  fro m  z e ro  tim e  
up to  180 d a y s . R e d u c t io n  i n  h e r b i c i d a l  c o n c e n t r a t i o n  w as fo u n d  
a f t e r  180 days o f  i n c u b a t io n .  The c o n c e n t r a t i o n  w as re d u c e d  t o  50 
p e r c e n t  o f  th e  o r i g i n a l  c o n c e n t r a t i o n  a t  225 d ay s an d  a t  th e  en d  
o f  one y e a r  no p h y t o t o x i c i t y  from  t h i s  c h e m ic a l was fo u n d .
A p p l ic a t io n  o f  4 ppm p lu s  n i t r o g e n  and  r i c e  s t r a w  i n d i c a t e d  no 
s i g n i f i c a n t  h e r b i c i d e  c o n c e n t r a t i o n  ch an g e  o r  i n c r e a s i n g  p h y t o t o x i c i t y  
i n  th e  f i r s t  270 d a y s . D e g ra d a t io n  o f  o x a d ia z o n  w as s t a r t e d  a f t e r  
270 d ay s  an d  th e  p r o c e s s  c o n t in u e d  w i th  i n c r e a s i n g  r a t e  w i th  t im e .  
F in a l  c o n c e n t r a t i o n  a t  th e  end  o f  455 d ay s i n c u b a t io n  p e r io d  was 
fo u n d  to  b e  0 .3  ppm.
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C hem ical a n a l y s i s  o f  t h e  same s o i l  sam p les  showed s l i g h t l y  
d i f f e r e n t  r e s u l t s  from  b io a s s a y  d e t e r m in a t io n .  The r e s u l t s  i n d i c a t e d  
t h a t  i n  th e  t r e a tm e n t  w i th  4 ppm by i t s e l f  o n ly  a  t r a c e  am ount o f  
o x a d ia z o n  was fo u n d  to  b e  d e g ra d e d  a t  135 d a y s . A f te r  180 days in c u b a ­
t i o n  p e r io d  th e  c o n c e n t r a t i o n  o f  t h i s  h e r b i c i d e  was found  to  b e  de­
c r e a s e d  a s  tim e  o f  s t o r a g e  in c r e a s e d .  At th e  end  o f  t h e  in c u b a t io n  
tim e  th e  f i n a l  c o n c e n t r a t i o n  o f  o x a d ia z o n  was fo u n d  to  b e  1 .8  ppm.
T re a tm e n t o f  4 ppm p lu s  n i t r o g e n  showed th e  same r e s u l t s .  D e to x i­
c a t i o n  was d e t e c t e d  a f t e r  180 days an d  i t  p ro g r e s s e d  w i th  i n c r e a s in g  
t im e . F in a l  c o n c e n t r a t i o n  o f  t h i s  c h e m ic a l was l i s t e d  a s  1 .8  ppm.
T re a tm e n t a t  4 ppm p lu s  r i c e  s t r a w  l i k e w is e  r e s u l t e d  i n  no 
ch an g e  i n  o x a d ia z o n  c o n c e n t r a t i o n  in  th e  f i r s t  135 day in c u b a t io n  
p e r io d .  D e g ra d a t io n  s t a r t e d  a f t e r  180 days and i t  ad v anced  w ith  
i n c r e a s i n g  s t o r a g e  t im e . A t th e  end  o f  th e  455 day  in c u b a t io n  p e r io d ,  
t r a c e  am ounts o f  0 .2  ppm c o u ld  b e  d e t e c te d .
R e s u l t s  from  t r e a tm e n t  o f  4 ppm p lu s  r i c e  s t r a w  and  n i t r o g e n  
fo llo w e d  th e  p a t t e r n  o f  th e  r e s u l t s  o b ta in e d  from  p r e v io u s  d e te rm i­
n a t i o n s  i n  te rm s  o f  d e g r a d a t io n  o f  o x a d ia z o n . The f i g u r e s  i n d i c a t e d  
t h a t  o n ly  t r a c e  am oun ts  o f  o x a d ia z o n  was fo u n d  to  b e  d e g ra d e d  a f t e r  
135 d a y s ,  b u t  th e  f i n a l  c o n c e n t r a t i o n  o f  t h i s  c h e m ic a l was d e t e c te d  
a t  0 .7  ppm a t  455 d ay s i n c u b a t io n .
D u rin g  th e  c h e m ic a l  d e t e r m in a t io n  o f  o x a d ia z o n  an unknown 
compound w as d e t e c t e d  fro m  s o i l  e x t r a c t s  o f  sam p le s  in c u b a te d  f o r  
135 d a y s . T h is  compound show ed up i n  th e  ch rom atogram s fo l lo w in g  
th e  h e r b i c i d e  p e a k . P eak  sh a p e  and  h e i g h t  w ere  s i m i l a r  to  th e  
h e r b ic id e  b u t  r e t e n t i o n  tim e  was L onger. T h is  compound was found
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i n  a l l  t r e a tm e n ts  in c u b a te d  a t  t h i s  tim e  p e r io d .  C hrom atogram s o f  
t h i s  unknown compound a r e  i l l u s t r a t e d  i n  F ig u re  1 0 .
T a b le  7 p r e s e n t s  th e  b io a s s a y  and c h e m ic a l a n a l y s i s  d a t a  from  
th e  a u to c la v e d  s o i l  e x p e r im e n t .
S t a t i s t i c a l  a n a l y s i s  was c o n d u c te d  on d ry  w e ig h t o f  p igw eed  
fro m  th e  b io a s s a y .  The r e s u l t s  i n d i c a t e d  t h a t  d i f f e r e n t  t r e a tm e n ts  
o f  h e r b i c i d e  w ere  s i g n i f i c a n t  a t  th e  f i v e  p e r c e n t  l e v e l .  Time o f  
in c u b a t io n  and  i n t e r a c t i o n  o f  tim e  o f  in c u b a t io n  and  t r e a tm e n ts  w ere  
n o t  s i g n i f i c a n t .
B io a s s a y  d e te r m in a t io n s  i n d i c a t e d  no d e g r a d a t io n  o f  o x a d ia z o n  
was fo u n d  th ro u g h o u t th e  455 day  in c u b a t io n  p e r io d  i n  t r e a tm e n ts  
in c o r p o r a te d  a t  4 ppm by  i t s e l f ,  4 ppm p lu s  n i t r o g e n ,  4 ppm p lu s  
r i c e  s t r a w  o r  4 ppm p lu s  r i c e  s t r a w  and n i t r o g e n .  P h y to to x ic  e f f e c t s  
o f  t h i s  h e r b i c i d e  was fo u n d  to  i n c r e a s e  s l i g h t l y  i n  a l l  t r e a tm e n t s .
C hem ical a n a l y s i s  o f  th e  same s o i l  sam p les  show ed s i m i l a r  r e s u l t s  
a s  th e  b io a s s a y  d e te r m in a t io n .  A s l i g h t  d i f f e r e n c e  was fo u n d  in  
t h a t  c h e m ic a l a n a l y s i s  d e t e c te d  a  s m a l l  am ount o f  d e g r a d a t io n  i n  th e  
t r e a tm e n t s  o f  4 ppm by i t s e l f ,  4 ppm p lu s  r i c e  s t r a w  and  4 ppm p lu s  
r i c e  s t r a w  and n i t r o g e n .
The o v e r a l l  e x p e r im e n ta l  r e s u l t s  on d e g r a d a t io n  o f  o x a d ia z o n  in  
n o n a u to c la v e d  s o i l  e x p e r im e n ts  s u g g e s t  t h a t  o x a d ia z o n  i s  a  v e ry  
s t a b l e  h e r b i c id e  (3 5 ,3 6 ,1 0 5 ) .
A d d it io n  o f  o n ly  o x a d ia z o n  to  th e  s o i l  d id  n o t  seem  to  s t i m u l a t e  
g ro w th  o f  m ic ro o rg a n ism s  w h ich  w ou ld  d e g ra d e  th e  h e r b i c i d e .  T h is  may 
b e  due to  th e  f a c t  t h a t  o x a d ia z o n  h a s  a  s t r u c t u r e  w h ich  i s  n o t  fo u n d  
n a t u r a l l y .  In  o r d e r  t o  u t i l i z e  t h i s  u n u s u a l s u b s t r a t e  an d  u s e  i t  
a s  an  e n e rg y  o r  n i t r o g e n  s o u r c e ,  s o i l  m ic ro b e s  m ust a d a p t  th e m s e lv e s .
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The tim e r e q u i r e d  f o r  a d ju s tm e n t  to  t h i s  new s u b s t r a t e ,  v i a  th e  
d ev e lo p m en t o f  a  m u ta n t ty p e  o r  a d a p t a t i o n  o f  a  new enzym e sy s te m , 
was shown by a  l a g  p e r io d  o f  a p p ro x im a te ly  135 d ay s  i n  a l l  f o u r  
t r e a tm e n ts  ( 8 ,1 0 ,2 4 ,5 9 ,6 9 ,9 1 ) .
A f te r  th e  l a g  p e r io d  th e  t r e a tm e n t  w i th  4 ppm by i t s e l f  and  a  
4 ppm p lu s  n i t r o g e n  in d i c a t e d  t h a t  p h y t o t o x i c i t y  o f  o x a d ia z o n  to  
p igw eed  was i n c r e a s e d .  The same ty p e  o f  r e s u l t s  was r e p o r te d  by 
S m ith  and  M e g g it t  (122) w h ere  th e y  s tu d i e d  d e g r a d a t io n  o f  p y ra z o n  by 
m ic ro o rg a n ism s .
T h is  phenom enon s u g g e s ts  t h a t  th e  m ic r o b ia l  p o p u la t io n  had  
s t a r t e d  w o rk in g  on o x a d ia z o n . The d e g r a d a t io n  may in v o lv e  th e  
c le a v in g  o f  th e  b a s i c  phenoxy  r i n g  from  th e  o x a d ia z o l in e  r i n g .  I f  
t h i s  r e a c t i o n  o c c u r r e d  i t  m ig h t r e s u l t  i n  th e  f o r m u la t io n  o f  a  phenoxy 
compound s i m i l a r  to  2 ,4 -D . The p r o d u c ts  o f  t h i s  m ic r o b ia l  d e g r a d a t io n  
o f  o x a d ia z o n  may a c c u m u la te  i n  th e  s o i l  f o r  a  p e r io d  o f  tim e  and 
i t  may c a u s e  m ore t o x i c i t y  to  th e  t e s t  p l a n t .  A t th e  l a t e r  s t a g e  
when th e s e  p ro d u c ts  u n d e rg o  f u r t h e r  d e c o m p o s i tio n  p h y t o t o x i c i t y  o f  
th e  c h e m ic a l may b e  d e c r e a s e d .
A p p l ic a t io n s  o f  n i t r o g e n  f e r t i l i z e r  to  th e  t r e a t e d  s o i l  d id  
n e t  h e lp  to  re d u c e  th e  l a g  p e r io d  o r  sp e e d  up th e  r a t e  o f  m ic r o b ia l  
d e g r a d a t io n  i n  th e  f i r s t  s t a g e ,  b u t  i t  may h av e  h e lp e d  to  re d u c e  
p h y t o t o x i c i t y  i n  th e  l a t e r  s t a g e s .  T re a tm e n t w i th  o x a d ia z o n  a t  
4 ppm p ' - ■ &  r i c e  s t r a w  d id  n o t  show in c r e a s e d  p h y t o t o x i c i t y  a f t e r  th e  
l a g  p e r io d ,  b u t  i t  seem ed t h a t  a f t e r  th e  l a g  p e r io d  t h i s  compound 
u n d erw en t d e g r a d a t io n  d i r e c t l y .  U nder t h i s  e x p e r im e n ta l  c o n d i t i o n s ,  
g ro u n d  r i c e  s t r a w  may s t i m u l a t e  m o le c u la r  d e s t r u c t i o n  o f  o x a d ia z o n
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and i t s  breakdow n p r o d u c ts  so  t h a t  th e  r a t e  o f  d e t o x i c a t i o n  o f  th e  
h e r b i c i d e  o c c u r r e d  r a p i d l y  and  i t  goes to  c o m p le tio n  w i th i n  365 d a y s .  
The a d v a n ta g e  o f  a d d in g  r i c e  s t r a w  may b e  due to  th e  f a c t  t h a t  
m ic ro o rg a n ism s  l i v i n g  i n  t h i s  s o i l  ty p e  can  e f f e c t i v e l y  u t i l i z e  r i c e  
s t r a w  a s  t h e i r  e n e rg y  s o u r c e .  A p p l ic a t io n  o f  o x a d ia z o n  a t  4 ppm 
p lu s  r i c e  s t r a w  and  n i t r o g e n  s u p p o r te d  th e  f a c t  t h a t  o r g a n ic  m a t t e r  
from  r i c e  s t r a w  s t im u la t e d  d e t o x i c a t i o n  o f  o x a d ia z o n ,  b u t  th e  r a t e  
o f  m o le c u la r  d e s t r u c t i o n  u n d e r  t h i s  s i t u a t i o n  was fo u n d  to  b e  s lo w e r  
th a n  th e  p r e v io u s  t r e a t m e n t s .  The b e s t  e x p la n a t io n  f o r  t h i s  phenom enon 
c o u ld  b e  t h a t  th e  a d d i t i o n  o f  n i t r o g e n  f e r t i l i z e r  s e r v e d  a s  a  n i t r o g e n  
s o u rc e  f o r  th e  m ic ro o rg a n ism s  and  th e  r a t e  o f  m e ta b o lism  o f  t h i s  
h e r b i c id e  a s  a  n i t r o g e n  s o u r c e  w as re d u c e d  ( 1 7 ,2 3 ,2 8 ,3 8 ,8 4 ,8 9 ) .
R e s u l t s  o b ta in e d  from  a u to c la v e d  s o i l  e x p e r im e n ts  c o n firm e d  
t h a t  d e t o x ic a t io n  o f  o x a d ia z o n  o c c u r r e d  m a in ly  i n  th e  p r e s e n c e  o f  
s o i l  m ic ro o rg a n is m s . No s i g n i f i c a n t  am ount o f  t h i s  h e r b i c i d e  was 
fou n d  to  ch an g e  from  th e  o r i g i n a l  c o n c e n t r a t i o n  i n  a l l  a u to c la v e d  
s o i l  t r e a tm e n ts  o v e r  15 m onths in c u b a t io n  t im e . The b e s t  s u i t a b l e  
e x p la n a t io n  f o r  t h i s  r e s u l t  i s  due to  th e  f a c t  t h a t  u n d e r  a u to c la v e d  
c o n d i t i o n s ,  a l l  s o i l  m ic ro o rg a n ism s  w ere  c o m p le te ly  e l im i n a te d .  The 
m o le c u le s  o f  th e  h e r b i c i d e  p r e s e n t  i n  t h i s  ty p e  o f  t r e a tm e n t  w ould  
be  f r e e  from  th e  e f f e c t s  o f  m ic r o b ia l  a c t i v i t i e s  on t h e i r  p ro d u c ts  
( 1 7 ,3 4 ,5 8 ,1 1 1 ) .  B u t p h y t o t o x i c i t y  was fo u n d  to  b e  in c r e a s e d  i n  a l l  
ty p e s  o f  t r e a tm e n t  by  b io a s s a y  d e te r m in a t io n .  T h is  s l i g h t  i n c r e a s e  
i n  p h y t o t o x i c i t y  may b e  due to  m ic r o b ia l  c o n ta m in a t io n  from  th e  a i r  
d u r in g  c h a n g in g  o f  s t o r a g e  c o n t a in e r s  from  b e a k e r s  to  th e  p l a s t i c  b a g s  
a f t e r  s t e r i l i z a t i o n  o r  i t  may h a v e  r e s u l t e d  d i r e c t l y  from  u s in g
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d e io n iz e d  w a te r  to  m o is te n  th e  s o i l  d u r in g  s to r a g e  i n s t e a d  o f  
s t e r i l i z e d  w a te r .
C hem ical d e te r m in a t io n  o f  th e  o x a d ia z o n  c o n c e n t r a t i o n  u s in g  
G .L .C . d id  n o t  d e t e c t  th e  com pound(s) t h a t  w ere  p o s t u l a t e d  to  e x e r t  
th e  p h y to to x ic  e f f e c t s  o f  th e  d i f f e r e n t  t r e a tm e n ts  i n  th e  a u to c la v e d  
e x p e r im e n ts ,  b u t  one o f  t h e s e  compounds may h av e  b e e n  d e t e c te d  i n  
t h e  n o n a u to c la v e d  e x p e r im e n t in c u b a te d  f o r  135 d a y s . T h is  compound 
may b e  a  p r o d u c t  o f  o x a d ia z o n  d e t o x ic a t io n  o r  a  p ro d u c t  o f  m ic r o b ia l  
a c t i v i t y  t h a t  i s  q u i t e  s i m i l a r  to  o x a d ia z o n  so  t h a t  i t  w as d e t e c te d  
by th e  i n s t r u m e n t .  I d e n t i f i c a t i o n  o f  t h i s  compound i s  beyond  th e  
s c o p e  o f  t h i s  r e s e a r c h .  I t  i s  n o t  known w h e th e r  o r  n o t  t h i s  compound 
i s  p h y to to x ic .
O x ad iazo n  was fo u n d  to  b e  r e s i s t a n t  to  m ic ro o rg a n ism  a c t i v i t y ,  
ar.d i t  was fo u n d  to  p e r s i s t  i n  th e  s o i l  f o r  q u i t e  a  lo n g  p e r io d  (3 5 , 
3 6 ,1 0 5 ) .  T h e re  may b e  v a r io u s  r e a s o n s  f o r  t h i s  r e s i s t a n c e .
T h e re  a r e  two s c h o o ls  o f  th o u g h t on t h i s .  The f i r s t  d e a l s  w i th  th e  
d ev e lo p m en t o f  a  m u ta n t ty p e  and  th e  se c o n d  d e a l s  w i th  th e  d ev e lo p m en t 
o f  an  a d a p t iv e  enzyme sy s te m . The p r o c e s s  o f  d e t o x ic a t io n  o f  many 
h e r b i c i d e s  h a s  b e e n  fo u n d  to  b e  s p e c i f i c  and  s e l e c t i v e  ( 9 ,9 1 ) .  The 
la g  p e r io d  f o r  v a r io u s  h e r b i c i d e s  may b e  d i f f e r e n t .  A f r e q u e n t ly  u se d  
h e r b i c id e  to  w h ich  m ic ro o rg a n ism s  h a v e  a d a p te d  s h o u ld  h a v e  a  s h o r t e r  
l a g  p e r io d  th a n  a  new h e r b i c id e  w h ich  h a s  b e e n  f i r s t  in t r o d u c e d  to  
th e  s o i l  su c h  a s  o x a d ia z o n .
The m o le c u la r  s t r u c t u r e  o f  th e  h e r b i c i d e  may p r o v id e  a n o th e r  
r e a s o n  to  e x p l a in  th e  d e g re e  o f  r e s i s t a n c e  o f  e a c h  in d i v i d u a l  h e r b i ­
c id e  i n  th e  s o i l .  Many i n v e s t i g a t o r s  h a v e  p o in t e d  o u t  t h a t  i n t r o d u c t i o n
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o f  a  h a lo g e n  i n t o  th e  f i f t h  c a rb o n  p o s i t i o n  (m e ta  p o s i t i o n )  on 
th e  p h e n o l r i n g  o f  a  phenoxy h e r b i c i d e  p ro lo n g s  t h e  p e r s i s t e n c e  
o f  t h i s  h e r b i c id e  from  w eeks to  m onths ( 2 ,9 , 3 4 ) .  The c h e m ic a l 
s t r u c t u r e  o f  th e  o x a d ia z o n  m o le c u le  c o n s i s t e d  o f  t h r e e  ty p e s  o f  
s u b s t i t u t i o n  on th e  b a s i c  p h e n y l r i n g .  I t  h a s  c h l o r i n e  a t  th e  num ber 
two and  f o u r  p o s i t i o n s  ( o r th o  and  p a r a )  and  an  is o p ro p o x y  g ro u p  a t  
th e  num ber f i v e  (m eta) p o s i t i o n .  I n  a d d i t i o n  to  th o s e  s u b s t i t u t i o n s ,  
th e  b a s i c  p h e n y l r i n g  i s  l i n k e d  to  th e  o x a d ia z o l in e  r i n g .  B ecau se  
o f  a l l  t h e s e  s u b s t i t u t i o n s  i n  m o le c u la r  s t r u c t u r e  o f  o x a d ia z o n  i t  
may ta k e  q u i t e  a  lo n g  tim e  f o r  m i c r o b ia l  o rg a n ism s  to  a d j u s t  b e f o r e  
th e y  can  cope w i th  th e  c h e m ic a l .  I f  th e  p r o d u c t  o f  th e  f i r s t  b r e a k ­
down i s  p h y to to x ic ,  i t  may ta k e  a n o th e r  a d a p t a t i o n  tim e  to  e l im i n a t e  
i t .  F o r th e s e  r e a s o n s  o x a d ia z o n  may p e r s i s t  q u i t e  a  w h i le  i n  th e  
s o i l .
V I. P l a n t  w a te r  u t i l i z a t i o n
R e s u l t s  o b ta in e d  from  th e  p l a n t  w a te r  u t i l i z a t i o n  e x p e r im e n t 
a r e  l i s t e d  i n  T a b le  8 .
S t a t i s t i c a l  a n a l y s i s  w as c o n d u c te d  w i th  d ry  w e ig h ts  o f  r i c e  
and p igw eed  u s in g  a  c o m p le te  random  d e s ig n  a n a l y s i s .  R e s u l t s  
i n d i c a t e d  t h a t  d ry  w e ig h ts  o f  p ig w eed  w ere  s i g n i f i c a n t l y  d i f f e r e n t  
a t  th e  v a r io u s  h e r b i c id e  c o n c e n t r a t i o n s .  No s t a t i s t i c a l  a n a l y s i s  
was com puted on th e  d a i l y  t o t a l  am ount o f  p l a n t  w a te r  u t i l i z a t i o n .  
O nly th e  m eans o f  th e s e  v a lu e s  w ere  c a l c u l a t e d  f o r  e a c h  p l a n t  
th ro u g h o u t th e  p e r io d  o f  15 d a y s . T hese  v a lu e s  a r e  e x p r e s s e d  as  
p e r c e n t  o f  c o n t r o l  t r e a tm e n t .
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The t o t a l  am ount o f  w a te r  u t i l i z a t i o n  f o r  r i c e  and  p igw eed  
th ro u g h o u t th e  e x p e r im e n ta l  p e r io d  i s  shown i n  F ig u re s  4 and  5 .
A s ta n d a r d  c u rv e ,  p l o t t i n g  th e  t o t a l  am ount o f  w a te r  u t i l i z a t i o n  
a t  e a c h  c o n c e n t r a t i o n  o f  o x a d ia z o n , w as c o n s t r u c t e d .  T h is  c u rv e  
i s  i l l u s t r a t e d  i n  F ig u re  6 .
R e s u l t s  from  b io a s s a y  d e te r m in a t io n  s u g g e s te d  t h a t  o x a d ia z o n  
a l lo w e d  p igw eed  to  grow 6 5 .3 ,  4 1 .4  and  2 1 .8  p e r c e n t  o f  th e  u n t r e a t e d  
check  a t  1 ,  2 and  4 ppm, r e s p e c t i v e l y .  T h is  h e r b i c i d e  c a u se d  
r e d u c t io n  i n  th e  t o t a l  am ount o f  w a te r  u t i l i z a t i o n  i n  t h i s  s p e c ie s  
by 2 5 .9 ,  3 3 .4  and  5 4 .1  p e r c e n t  a t  th e  same h e r b i c i d a l  c o n c e n t r a t i o n .  
On th e  o th e r  h a n d , o x a d ia z o n  a t  th e  lo w e s t  c o n c e n t r a t i o n  seem ed 
to  s t i m u l a t e  g row th  o f  r i c e  b e c a u s e  th e  h e i g h t  and  d ry  w e ig h t  o f  
th e  r i c e  p l a n t s  w ere  in c r e a s e d  o v e r  th e  u n t r e a t e d  c h e c k . A t th e  
same c o n c e n t r a t i o n s ,  th e  t o t a l  am ount o f  p l a n t  w a te r  u t i l i z a t i o n  
was in c r e a s e d  by 4 1 .2  p e r c e n t  o v e r  th e  c o n t r o l  t r e a tm e n t .  B ut 
t r e a tm e n ts  a t  2 and  4 ppm w ere  fo u n d  to  i n h i b i t  g ro w th  and  t o t a l  
w a te r  u t i l i z a t i o n  o f  t h e  young r i c e  s l i g h t l y .
F ig u re s  4 and  5 i l l u s t r a t e  th e  p a t t e r n s  o f  w a te r  u t i l i z a t i o n  
f o r  p igw eed  and  r i c e  w i th in  th e  15 day  p e r io d .  The g ra p h s  i n d i c a t e  
t h a t  a b o u t two d ay s  a f t e r  g e rm in a t io n  p ig w eed  and  r i c e  s t a r t e d  to  
u t i l i z e  w a te r .  The am ount o f  w a te r  u se d  in c r e a s e d  w i th  p r o g r e s s in g  
tim e  and  r e a c h e d  th e  p e a k s  a t  a p p ro x im a te ly  10 d ay s  f o r  t r e a tm e n t  
w ith  2 and  4 ppm r e s p e c t i v e l y  an d  a t  11 d ay s  f o r  th e  u n t r e a t e d  ch eck  
and  t r e a tm e n t  w ith  1 ppm u n d e r  th e s e  e x p e r im e n ta l  c o n d i t i o n s .
A s ta n d a r d  c u rv e  w h ich  was d e r iv e d  by  p l o t t i n g  w a te r  
u t i l i z a t i o n  a g a i n s t  h e r b i c i d e  c o n c e n t r a t i o n s  showed th e  same
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ty p e  o f  n o n l i n e a r  c u rv e  a s  th e  b io a s s a y .  The c u rv e  i n d i c a t e s  th e  
r a t e  o f  r e d u c t io n  o f  w a te r  u t i l i z a t i o n  by  p igw eed  a s  th e  c o n c e n tr a ­
t i o n s  o f  o x a d ia z o n  i n c r e a s e s .
B e s id e s  h a v in g  th e  a b i l i t y  to  i n h i b i t  g row th  o f  p igw eed  and  r i c t , 
o x a d ia z o n  a l s o  h a s  th e  a b i l i t y  to  re d u c e  th e  t o t a l  am ount o f  w a te r  
u t i l i z e d  by  th e s e  p l a n t s .  P igw eed seem ed to  be  more s e n s i t i v e  to  
th e  e f f e c t s  o f  t h i s  compound th a n  r i c e  a t  th e  same c o n c e n t r a t i o n s  o f  
th e  h e r b i c i d e .  The t o t a l  w a te r  u t i l i z a t i o n  o f  p igw eed  was re d u c e d  
w here  th e  c o n c e n t r a t i o n  o f  o x ad iazo n  in c r e a s e d .  A s ta n d a r d  c u rv e  
d e r iv e d  from  t h i s  e f f e c t  may b e  u se d  a s  a  new p a ra m e te r  t o  d e te rm in e  
unknown c o n c e n t r a t i o n s  o f  some h e r b i c i d e s  (1 0 8 ) .  Growth and  th e  t o t a l  
w a te r  u t i l i z a t i o n  o f  th e  young r i c e  p l a n t s  seem ed to  b e  s t im u la t e d .  
T h is  r e s u l t  i n d i c a t e s  t h a t  o x a d ia z o n  a t  a  c o n c e n t r a t i o n  o f  1 ppm 
a c te d  a s  a  g ro w th  s t i m u l a n t ,  b u t  a t  h ig h e r  c o n c e n t r a t i o n s  g row th  and 
t o t a l  w a te r  u t i l i z a t i o n  by t h i s  p l a n t  w ere  s l i g h t l y  r e d u c e d .
I
T ab le  1 . E f f e c t  o f  o x ad iazo n  on f i v e  s p e c ie s  o f  t e s t  p l a n t s  e x p re s s e d  a s  v i s u a l  r a t i n g  in j u r y  and 
p l a n t  h e ig h t  , f r e s h  w e ig h t and  d ry  w e ig h t  e x p re s s e d  a s  p e r c e n t  o f  c o n t r o l .*
0 2 .5
H e rb ic id e  C o n c e n tra t io n s  (ppm) 
5 .0  1 0 .0 2 0 .0 4 0 .0
R ic e V is u a l  r a t i n g 0 0 0 .0 0 .5 1 .4 2 .7 4 .3
H e ig h t 100 9 1 .1 8 0 .4 7 6 .3 6 9 .1 5 5 .2
F re sh  w e ig h t 100 a 8 7 .3 a 77 .6 b 6 9 .0 c 6 1 .8 c 5 8 .8  c
Dry w e ig h t 100 a 9 1 .5 a 8 6 .7 a 7 1 .1 b 6 9 .8 b 6 8 .1  b
Pigw eed V is u a l r a t i n g 0 6 .9 8 .6 9 .4 9 .9 1 0 .0
H e ig h t 100 5 1 .9 4 0 .9 3 6 .8 2 0 .3 0 .0
F re sh  w e ig h t 100 a 2 4 .6 b 1 1 .6 c 8 .4 c 5 .5 c 0 .0  c
Dry w e ig h t 100 a 3 5 .2 b 1 5 .0 c 1 2 .2 c 6 .4 d 0 .0  e
S e s b a n ia V is u a l  r a t i n g 0 0 0 .0 4 .8 6 .8 8 .9 9 .8
H e ig h t 100 8 1 .3 3 5 .7 3 3 .9 1 9 .6 3 .6
F re sh  w e ig h t 100 a 8 7 .7 b 6 0 .8 c 5 0 .5 c 3 4 .0 d 1 .0  e
Dry w e ig h t 100 a 9 5 .0 a 72 .9 a 6 0 .9 a 5 8 .2 a 1 .7  b
Sorghum V is u a l  r a t i n g 0 1 .0 1 .9 5 .4 8 .2 9 .2
H e ig h t 100 8 0 .5 6 8 .1 6 0 .0 3 2 .4 3 0 .0
F re sh  w e ig h t 100 a 6 6 .6 b 5 5 .4 c 4 6 .8 d 1 6 .5 e 1 3 .1  f
Dry w e ig h t 100 a 6 8 .1 b 5 5 .6 be 4 7 .1 c 2 5 .3 d 2 1 .6  d
O ats V is u a l  r a t i n g 0 1 .2 2 .5 3 .3 3 .8 8 .4
H e ig h t 100 9 2 .0 8 7 .3 8 6 .0 7 3 .3 4 4 .0
F re sh  w e ig h t 100 a 8 9 .3 b 8 1 .0 c 79 .1 d 7 2 .8 e 3 7 .3  f
Dry w e ig h t 100 a 9 3 .2 b 8 6 .5 c 82 .6 c 7 9 .2 c 6 8 .4  d
* Means w i th in  rows w ith  common l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
T h is  e x p e r im e n t was c o n d u c ted  from  March 7 , 1971 , th ro u g h  J u ly  22 , 1971.
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T ab le  2 . B io a s sa y  d e te rm in a tio n , e x p r e s s e d  a s  p e r c e n t  o f  d ry  w e ig h t * 
o f  c o n t r o l  t r e a tm e n t .  G .L .C .-d e te r m in a t io n  e x p re s s e d  a s  
w eig h t(m g ) o f  p a p e r  in  a r e a  u n d e r  th e  p e a k .
T re a tm e n ts B io a s s a y  (a )  
%
Log
C hem ica l a n a l y s i s  
S ta n d a rd  S ta n d a rd  
s o l u t i o n  S o i l
(b )
P e r c e n t
r e c o v e ry
Check 1 0 0 .0  a 2 .0 0 0 .0 0 .0 —
0 .2 5 2 .7
0 .5 0 8 7 .5  b 1 .9 4 6 .0 5 .1 8 5 .0
1 .0 0 6 7 .7  c 1 .8 1 9 .8 7 .6 7 7 .6
2 .0 0 3 8 .5  d 1 .5 8 1 4 .8 1 3 .9 9 3 .9
3 .0 0 3 2 .5  d 1 .5 1 1 9 .7
4 .0 0 2 4 .4  d 1 .3 8 2 4 .8 2 2 .3 8 9 .9
(a )  Means o f  th e  b io a s s a y  d e t e r m in a t io n  e x p e r im e n ts  w ere  
o b ta in e d  from  an  a v e ra g e  o f  f i v e  e x p e r im e n ts .
(b ) Means o f  th e  c h e m ic a l a n a l y s i s  w ere  o b ta in e d  from  two 
r e a d in g s  o f  th e  same sam p le  w i th  G .L .C . - e l e c t r o n  c a p tu r e .
* Means w i th in  co lum ns w i th  common l e t t e r s  a r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
T a b le  3 . L ea ch in g  o f  o x ad iazo n  i n  s o i l  colum ns t r e a t e d  w ith  4 lb  a i /A  w ith  6 ,  12 and  18 in c h  
o f  s im u la te d  r a i n f a l l  a p p l ie d  i n  6 in c h  in c re m e n ts .
T rea tm e n ts
S e c t io n e d  Columns
H e ig h t
%
Dry w t .*
%
B io a ssa y
ppm
Chem.
a n a l .
I n t a c t  Columns
S o i l  d ep th  
in c h e s
V is u a l
r a t i n e
Movement
in c h e s
Check + 1 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0 0 .0
6 i n .  Ho0 2 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0z 3 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
4 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
le a c h a te 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
4 l b s .  + 1 9 .7 3 0 .0 2 0 .3  b 4 .0 4 .0 0 1 .4
6 i n .  Ho0 2 0 .4 1 0 0 .0 1 0 0 .0  a 0 .0 0 .5 0z 3 0 .2 9 5 .0 9 0 .0  a 0 .3 0 .0 0
4 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
le a c h a t e 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
4 l b s .  + 1 9 .6 4 5 .0 3 1 .6  b 3 .4 3 .5 0 1 .7
12 i n .  Ho0 2 1 .2 9 0 .0 9 5 .2  a 0 .2 0 .4 0z 3 0 .6 9 0 .0 1 0 0 .0  a 0 .0 0 .2 5
4 0 .2 9 0 .0 1 0 0 .0  a 0 .0 0 .0 0
le a c h a t e 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
4 l b s .  + 1 9 .6 4 0 .0 3 4 .1  c 3 .0 3 .0 0 2 .6
18 i n .  Ho0 2 1 .6 9 0 .0 8 0 .0  b 0 .6 0 .3 0z 3 0 .6 1 0 0 .0 1 0 0 .0  a 0 .0 0 .2 0
4 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
le a c h a te 0 .0 1 0 0 .0 1 0 0 .0  a 0 .0 0 .0 0
* Means w i th in  colum ns w i th  common l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
T h is  e x p e r im e n t was co n d u c te d  from  Ja n u a ry  1 , 1 972 , th ro u g h  March 2 7 , 1972.
T a b le  4 . E f f e c t  o f  f lo o d in g  on d e g ra d a t io n  tin d er n a t u r a l  s u n l i g h t .
T re a tm e n ts Time
days
V is u a l
r a t i n g
H e ig h t
%
Dry w t.*
%
B io a ssa y
ppm
Chem. Ai 
ppm
2 ppm. - 0 5 .0 7 0 .0 4 7 .0  a 2 .0 2 .0
n o n flo o d e d 30 7 .9 4 6 .0 2 9 .3  c 3 .3 2 .0
60 7 .6 5 7 .1 2 3 .4  c 4 .0 1 .7
120 7 .6 5 0 .5 3 9 .3  b 2 .6 1 .8
180 8 .0 4 3 .0 2 9 .0  c 3 .2 1 .6
2 ppm. - 0 5 .3 6 0 .0 4 2 .4  b 2 .0 2 .0
f lo o d e d 30 7 .9 5 4 .5 2 8 .0  c 3 .5 2 .0
60 7 .4 5 7 .1 3 4 .0  a 3 .0 2 .0
120 7 .1 4 5 .5 5 9 .1  a 1 .4 1 .9
180 7 .0 5 7 .1 6 1 .6  a 1 .3 1 .7
2 ppm . - 0 5 .5 6 5 .8 4 6 .6  a 2 .0 2 .0
f lo o d e d  +  n o n flo o d e d 30 7 .9 4 5 .5 4 1 .5  a 2 .4 2 .0
60 7 .8 5 3 .2 3 5 .3  b 2 .9 2 .0
120 8 .0 4 5 .5 3 6 .5  ab 2 .7 1 .8
180 8 .4 4 3 .0 2 9 .0  a 3 .2 1 .8
4 ppm. - 0 6 .0 5 6 .5 2 3 .7  a 4 .0 4 .0
n o n flo o d e d 30 9 .6 2 7 .3 2 2 .8  a 4 .1 4 .0
60 9 .4 1 9 .1 1 6 .3  b 4 .9 3 .8
120 9 .2 3 6 .4 1 7 .7  b 4 .6 3 .8
180 9 .4 3 1 .8 1 7 .0  b 4 .6 3 .7
Table 4. (cont.)
T rea tm e n ts Time
days
V is u a l
r a t i n g
H e ig h t
%
Dry w t .*
%
B io a ssa y
ppm
Chem. A n a l, 
ppm
4 ppm. - 0 8 .7 4 0 .0 2 6 .5  a 3 .8 4 .0
f lo o d e d 30 9 .4 2 7 .3 2 7 .6  a 3 .5 4 .0
60 9 .2 1 9 .1 1 6 .3  b 4 .8 3 .9
. 120 9 .0 4 0 .9 2 6 .3  a 3 .6 3 .5
180 8 .0 4 0 .9 2 6 .0  a 3 .6 3 .3
4 ppm. - 0 6 .5 5 3 .0 2 8 .6  a 3 .5 4 .0
f lo o d e d  +  n o n flo o d e d 30 9 .6 2 2 .7 1 7 .6  b 4 .6 4 .0
60 8 .8 2 3 .8 1 7 .7  b 4 .6 3 .3
120 8 .8 4 5 .7 2 8 .0  a 3 .5 3 .0
180 9 .2 2 2 .7 1 8 .1  b 4 .6 3 .3
* Time means w i th in  t r e a tm e n t  w ith  common l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
T h is  e x p e rim e n t was co n d u c te d  from  Ju n e  8 , 1972 , to  November 8 , 1972. The m onth ly  a v e ra g e  noon 
te m p e ra tu re  ra n g e d  from  a  h ig h  o f  8 7 .2  F to  a  low  o f  6 1 .1  F.
T a b le  5 . E f f e c t  o f  s o i l  m o is tu re  on d e g ra d a t io n  o f  4 ppm o x ad iazo n  i n  Crow ley s i l t  loam  as  d e te rm in e d  
by  s o i l  b io a s s a y  and ch em ic a l a n a l y s i s .
Time
days
M o is tu re
C o n te n t
%
V is u a l
r a t i n g
H e ig h t
%
Dry w t.*
%
B io a ssa y
ppm
C hem ical
a n a ly s i s
ppm
0 15 9 .0 5 1 .0 2 0 .0  a 4 .3 4 .0
30 8 .8 5 0 .0 2 6 .7  a 3 .8 4 .0
45 8 .8 5 5 .0 2 4 .6  a 3 .9 4 .0
60 8 .9 6 0 .0 2 2 .1  a 4 .1 4 .0
75 9 .0 5 5 .0 2 1 .8  a 4 .2 4 .0
45 15 8 .6 5 2 .0 1 7 .0  a 4 .6
30 7 .0 5 2 .0 2 3 .7  a 4 .0
45 6 .7 6 0 .0 2 0 .3  a 4 .0
60 6 .0 6 4 .0 2 7 .5  a 3 .8
75 7 .0 6 0 .0 2 0 .0  a 4 .3  '
90 15 9 .0 4 9 .0 2 4 .0  a 4 .0 4 .0
30 7 .0 5 6 .5 2 9 .2  a 3 .7 4 .0
45 6 .7 4 9 .0 3 0 .0  a 3 .6 3 .2
60 6 .0 6 9 .6 4 4 .1  b 2 .2 2 .9
75 7 .0 6 0 .8 3 9 .1  a 2 .5 3 .0
135 15 8 .8 2 6 .2 2 0 .6  a 4 .0
30 7 .7 5 2 .2 2 7 .4  a 3 .8
45 7 .1 6 5 .2 3 7 .0  a 2 .8
60 5 .9 5 6 .5 4 3 .7  b 2 .3
75 6 .8 6 0 .9 3 8 .9  a 2 .5
Table 5. (cont.)
Time
days
M o is tu re
C o n te n t
%
V is u a l
r a t i n g
H e ig h t
%
Dry w t.*
%
B io a ssa y
ppm
C hem ical
a n a ly s i s
ppm
180 15 9 .3 3 3 .0 2 4 .7  a 3 .9 3 .6
30 6 .8 5 4 .2 3 0 .6  a 3 .2 2 .6
45 6 .7 5 8 .3 3 0 .3  a 3 .2 2 .8
60 6 .8 5 8 .3 3 3 .9  a 2 .9 2 .4
75 5 .5 6 6 .7 5 3 .0  b 2 .0 2 .1
270 15 9 .6 2 3 .0 2 4 .8  a 3 .8 3 .0
30 5 .8 4 5 .4 3 8 .4  a 3 .0 2 .6
45 6 .5 4 5 .4 3 0 .0  a 3 .2 2 .7
60 4 .0 6 8 .2 5 6 .8  b 1 .6 1 .6
75 6 .7 4 5 .4 4 2 .1  b 2 .5 2 .4
365 15 8 .8 5 5 .0 2 7 .4  a 3 .6 2 .8
30 5 .3 7 5 .0 4 8 .4  b 2 .0 2 .2
45 5 .3 6 0 .0 5 7 .6  b 1 .6 2 .8
60 5 .0 6 5 .0 7 2 .9  c 0 .9 1 .9
75 5 .3 7 0 .0 6 8 .0  c 1 .1 1 .8
* M o is tu re  means w i th in  a  t r e a tm e n t  w ith  common l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% 
l e v e l .
T h is  e x p e r im e n t was co n d u c ted  from  A p r i l  5 , 1972 , th ro u g h  A p r i l  5 , 1973.
Table 6. Degradation of oxadiazon in Crowley soil as affected by addition of rice straw and / or
nitrogen fertilizer in nonautoclaved soil.
In c u b a t io n
Time
days
V is u a l
r a t i n g
H e ig h t
%
Dry w t.*
%
B io a ssa y
ppm
C hem ical
a n a l y s i s
ppm
4 ppm 0 7 .8 5 2 .6 2 4 .6  a 4 .0 4 .0
45 8 .7 4 3 .5 2 3 .5  a 4 .0
135 9 .0 3 0 .0 2 3 .2  a 4 .0 3 .8
180 9 .7 2 7 .8 2 2 .0  a 4 .1 3 .3
225 8 .7 5 4 .2 2 0 .3  a 4 .3
270 9 .5 2 2 .0 2 0 .4  a 4 .4 3 .0
365 8 .0 4 8 .4 2 4 .0  a 3 .8 2 .0
455 8 .3 5 4 .2 2 6 .4  a 3 .7 1 .8
4 + N 0 7 .7 4 7 .4 2 4 .8  a 4 .0 4 .0
45 8 .8 4 7 .8 2 0 .7  a 4 .3
135 8 .8 3 5 .0 2 9 .1  a 3 .5 4 .0
180 9 .8 2 2 .0 2 2 .0  a 4 .1 3 .0
225 8 .8 4 5 .8 2 1 .3  a 4 .2
270 9 .7 3 7 .1 2 7 .3  a 3 .6 3 .2
365 9 .3 4 2 .1 2 3 .2  a 3 .9 2 .1
455 8 .8 3 7 .5 2 9 .5  a 3 .3 1 .8
4 + OM 0 7 .7 5 7 .9 2 0 .7  a 4 .2 4 .0
45 7 .3 5 2 .1 2 3 .3  a 4 .0
135 8 .5 4 5 .2 2 1 .4  a 4 .1 4 .0
180 6 .7 7 2 .0 2 8 .2  a 3 .4 3 .0
225 6 .0 6 2 .5 4 7 .8  b 2 .0
270 2 .2 8 3 .3 6 7 .0  b 1 .0 1 .3
365 0 .8 1 0 0 .0 1 0 0 .0  c 0 .0 0 .8
455 0 .0 1 0 0 .0 1 0 0 .0  c 0 .0 0 .2
-vl
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Table 6. (cont.)
In c u b a t io n
Time
days
V is u a l
r a t i n g
H e ig h t
%
Dry w t .*
%
B io a ssa y
ppm
C hem ical
a n a l y s i s
ppm
4 +  OM +  N 0 8 .0 4 2 .1 2 6 .9  a 4 .0 4 .0
45 7 .6 5 2 .2 2 4 .3  a 4 .0
135 8 .2 2 7 .1 2 1 .0  a 4 .2 3 .8
180 7 .8 4 0 .0 2 0 .8  a 4 .0 3 .4
225 6 .9 5 8 .3 2 7 .8  a 3 .5
270 7 .5 1 6 .7 2 8 .0  a 3 .4 2 .6
365 2 .8 1 0 0 .0 5 5 .6  b 1 .6 1 .6
455 0 .0 1 0 0 .0 9 0 .0  c 0 .3 0 .7
* Time means w i th in  t r e a tm e n t  w ith  common l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
This experiment was conducted from February 1, 1972, through May 1, 1973.
Table 7. Degradation of oxadiazon in Crowley soil as affected by addition of rice straw and / or
nitrogen fertilizer in autoclaved soil.
In c u b a t io n  V is u a l  H e ig h t Dry w t.*  B io a s sa y  C hem ical
Time r a t i n g
days____________________
4 ppm 0 8 .0
45 7 .9
135 8 .3
180 9 .8
225 9 .3
270 9 .8
365 9 .7
455 9 .6
4 + N 0 7 .8
45 8 .3
135 8 .5
180 9 .6
225 9 .5
270 9 .7
365 9 .8
455 9 .9
4 +  OM 0 7 .3
45 6 .9
135 7 .5
180 7 .3
225 8 .9
270 9 .2
365 8 .3
455 9 .0
% % ppm a n a l y s i s
ppm
5 2 .9 2 3 .0 4 .0 4 .0
4 7 .8 2 1 .0 4 .2
5 7 .3 2 0 .0 4 .3 4 .0
2 3 .5 2 0 .2 4 .3 4 .0
2 1 .7 2 2 .0 4 .1
1 5 .8 2 1 .0 4 .2 4 .0
2 6 .3 2 2 .0 4 .1 4 .0
5 0 .0 2 0 .0 4 .3 3 .6
5 2 .9 2 4 .7 3 .9 3 .6
5 2 .1 2 2 .1 4 .1
3 8 .0 2 0 .0 4 .3 4 .0
4 1 .2 2 1 .0 4 .2 4 .0
2 6 .1 2 0 .0 4 .3
1 5 .8 2 1 .0 4 .2 3 .6
2 6 .3 2 1 .0 4 .2 3 .7
3 3 .3 2 0 .0 4 .3 4 .0
5 0 .9 2 3 .0 4 .0 4 .0
5 6 .5 2 1 .0 4 .2
5 7 .1 2 4 .0 3 .9 3 .8
4 2 .6 2 3 .7 4 .0 4 .0
3 9 .1 2 1 .0 4 .2
3 1 .5 2 0 .0 4 .3 4 .0
4 0 .1 2 0 .0 4 .3 3 .8
4 5 .2 2 0 .2 4 .3 3 .8
^ 4
Table 7. (cont.)
In c u b a t io n
Time
days
V is u a l
r a t i n g
H e ig h t
%
Dry w t.*
%
B io a ssa y
ppm
C hem ical
a n a ly s i s
ppm
4 +  OM +  N 0 7 .5 4 7 .1 2 3 .6 4 .0 4 .0
45 7 .4 4 5 .5 2 2 .6 4 .1
135 8 .0 5 2 .3 2 2 .1 4 .1 3 .7
180 8 .8 3 5 .3 2 0 .0 4 .3 4 .0
225 9 .1 3 9 .1 2 1 .0 4 .2
270 8 .8 3 1 .5 2 1 .0 4 .2 3 .7
365 9 .3 3 7 .6 2 0 .0 4 .3 3 .8
455 8 .5 4 1 .1 2 0 .1 4 .3 4 .1
* No s i g n i f i c a n t  d i f f e r e n c e  a t  th e  5% l e v e l .
This experiment was conducted from February 1, 1972, through May 1, 1973.
T a b le  8 . E f f e c t s  o f  o x a d ia z o n  on grow th  and  t o t a l  w a te r  u t i l i z a t i o n  o f  r i c e  and  p igw eed .
P la n t H e rb ic id e  conc. 
ppm
V is u a l
r a t i n g
H e ig h t
%
Dry w t .*
%
T o ta l  w a te r  u sed
%
Pigw eed 0 .0 0 .0 1 0 0 .0 1 0 0 .0  a 1 0 0 .0
1 .0 2 .1 7 8 .3 6 5 .3  b 7 4 .1
2 .0 5 .6 6 3 .0 4 1 .4  c 6 6 .6
4 .0 8 .3 4 5 .7 2 1 .8  d 4 5 .9
R ic e 0 .0 0 .0 1 0 0 .0 1 0 0 .0  NS 1 0 0 .0
1 .0 0 .0 1 0 3 .5 1 0 9 .5  NS 1 4 1 .2
2 .0 2 ,0 8 9 .0 9 5 .8  NS 8 8 .2
4 .0 3 .2 8 2 .1 8 9 .5  NS 8 3 .0
* Means w i th in  colum ns w ith  common l e t t e r s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  5% l e v e l .
This experiment was conducted from April 21, 1973, to June 25, 1973.
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F ig u re  1 .  S ta n d a rd  c u rv e  f o r  b io a s s a y  o f  o x ad iazo n  
in  C row ley  s i l t  loam  s o i l
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F ig u r e  2 .  G L C -response  c u rv e  f o r  o x a d ia z o n
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F ig u re  3 . D ry w e ig h t o f  f i v e  p la n t  s p e c ie s  grown in
C row ley  s i l t  loam  s o i l  t r e a t e d  w i th  2.5 ppm 
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F ig u re  5* W ater u t i l i z a t i o n  b y  pigw eed p la n t s  grown in  C row ley 
s o i l  t r e a t e d  w i th  o x ad iazo n
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F ig u r e  6 .  E f f e c t  o f  o x a d ia z o n  on  th e  t o t a l  w a te r  u se d  
b y  p igw eed s grow n f o r  15 d ays
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F ig u re  7 . Sam ple cnrom atogram s from  known c o n c e n t r a t io n s  o f  o x ad iazo n ,
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F ig u re  8 .  Sam ple chrom atogram s o f  e x t r a c t s  o f  s o i l  c o n ta in in g  known c o n c e n t r a t io n s  
o f  o x ad iazo n
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F ig u re  9* i l l u s t r a t i v e  chrom atogram s o f  e x t r a c t s  o f  s o i l  from  f lo o d in g  ex p e rim e n t 
show ing r e s u l t s  w i th  2 ppm o x a d ia z o n  a t  z e ro  tim e  and  a f t e r  180  d a y s .
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F ig u r e  1 0 .  Sam ple ch rom atog ram s from  n o n a u to c la v e d  s o i l  
fro m  b i o l o g i c a l  d e g r a d a t io n  e x p e r im e n t .  U pper 
ch rom atog ram  o f  sam p les  a t  z e r o  t im e .  Lower 
sam p les  a f t e r  135 d a y s .
SUMMARY
Pigw eed  was fo u n d  to  b e  th e  m ost s e n s i t i v e  p l a n t  t h a t  c o u ld  b e  
u sed  i n  b io a s s a y  d e te r m in a t io n  o f  o x a d ia z o n  when t h i s  m a t e r i a l  was 
in c o r p o r a te d  i n t o  C row ley s i l t  loam  s o i l  a t  1 -  4 ppm. The s e n s i ­
t i v i t y  to  o x a d ia z o n  o f  t h i s  p l a n t  c o u ld  b e  d e t e c te d  down to  0 .3  ppm.
L e a c h in g  o f  o x a d ia z o n  in  t h i s  r i c e  s o i l  was fo u n d  to  b e  l i m i t e d  
to  th e  f i r s t  in c h  l a y e r  o f  th e  s o i l  when t h i s  m a t e r i a l  w as a p p l i e d  
on th e  s o i l  s u r f a c e  a t  4 lb  a i /A  fo llo w e d  by a p p l i c a t i o n s  o f  s i x  
in c h e s  o f  r a i n  o r  i r r i g a t i o n  w a te r .  A p p l ic a t io n s  o f  12 in c h e s  o f  
w a te r  moved th e  h e r b i c i d e  to  a  d e p th  o f  a p p ro x im a te ly  two in c h e s ,  
w h ile  a p p l i c a t i o n s  o f  18 in c h e s  o f  w a te r  le a c h e d  t h i s  h e r b i c id e  down 
to  th e  2 . 5 - 3  in c h  d e p th .
O xad iazo n  in c o r p o r a te d  o f  2 ppm i n  a  L o u is ia n a  r i c e  s o i l  was 
fou n d  to  b e  d e g ra d e d  s i g n i f i c a n t l y  when th e  sam p le s  w ere  k e p t  u n d e r  
f lo o d e d  c o n d i t i o n s .  The same t r e a tm e n ts  k e p t  u n d e r  n o n f lo o d e d  o r  
a l t e r n a t i n g  f lo o d e d  and  n o n f lo o d e d  c o n d i t io n s  d id  n o t  u n d erg o  degrade -  
t i o n ,  and  p h y t o t o x i c i t y  o f  ch ese  sam p le s  was fo u n d  to  i n c r e a s e  
s i g n i f i c a n t l y .  T re a tm e n ts  w i th  4 ppm k e p t  u n d e r  f lo o d e d  c o n d i t io n s  
showed o n ly  t r a c e  am ounts o f  o x a d ia z o n  d e g r a d a t io n .  The same t r e a tn u  n t  
k e p t  u n d e r  n o n f lo o d e d  an d  a l t e r n a t i n g  f lo o d e d  and  n o n f lo o d e d  d id  n o t  
show any  d e g r a d a t io n ,  an d  p h y t o t o x i c i t y  o f  th e s e  sa m p le s  was fo u n d  
to  i n c r e a s e .  C hem ica l a n a l y s i s  o f  th e  same s o i l  sam p le s  i n d i c a t e d  
t h a t  d e t o x ic a t io n  o f  o x a d ia z o n  o c c u r r e d  in  a l l  sam p les  and  o n ly  
l i m i t e d  d e g r a d a t io n  was o b s e rv e d .
90
‘ 1
E f f e c t s  o f  m o is tu r e  on d e t o x ic a t io n  o f  o x a d ia z o n  in c o r p o r a te d  
a t  4 ppm w ere  found  to  b e  g r e a t e s t  w here  th e  sam p le s  w ere  s to r e d  
w ith  s o i l  m o is tu r e s  o f  60 an d  75 p e r c e n t .  U nder h ig h  m o is tu re  
s to r a g e  c o n d i t io n s  o x a d ia z o n  was d e g ra d e d  to  a p p ro x im a te ly  1 ppm 
a t  th e  en d  o f  a  o n e  y e a r  s to r a g e  p e r io d .  Sam ples s t o r e d  a t  45 p e rc e i t  
m o is tu re  c o n te n t  w ere  found  to  b e  d e g ra d e d  to  1 .6  ppm a t  th e  same 
p e r io d  o f  t im e , and  sam p le s  s t o r e d  a t  30 an d  25 p e r c e n t  m o is tu ro  w ert 
fo u n d  to  b e  d e g ra d e d  to  2 .0  and  3 .6  ppm, r e s p e c t i v e l y .
B io l o g ic a l  d e g r a d a t io n  o f  o x a d ia z o n  i n  n o n a u to c la v e d  s o i l  -/as 
fo u n d  to  b e  g r e a t e s t  i n  s o iL  e n r ic h e d  w i th  one p e r c e n t  r i c e  s t r a w .
The d e t o x ic a t io n  r a t e  o f  o x a d ia z o n  in c u b a te d  u n d e r  t h i s  c o n d i t io n  
was c o m p le te d  a t  th e  end  o f  a  one y e a r  p e r io d .  A p p l ic a t io n  o f  t h i s  
h e r b i c id e  a t  th e  same c o n c e n t r a t i o n s  to  s o i l  e n r ic h e d  w i th  r i c e  s tra *  
and  n i t r o g e n  f e r t i l i z e r  l e f t  t r a c e  am oun ts o f  o x a d ia z o n  a t  th e  end 
o f  455 d a y s . F in a l  c o n c e n t r a t i o n s  o f  o x a d ia z o n  a t  th e  end  o f  th e  
e x p e r im e n ta l  p e r io d  i n  t r e a tm e n ts  e n r ic h e d  w i th  n i t r o g e n  f e r t i l i z e r  
by  i t s e l f  and  w i th  no e n r ic h m e n t i n d i c a t e d  o n ly  s l i g h t  d e t o x i c a t i o n .
No d e g r a d a t io n  o f  o x a d ia z o n  was fo u n d  i n  any  t r e a tm e n t  w i th  a u to -  
c la v e d  s o i l .  C hem ical a n a l y s i s  i n  n o n a u to c la v e d  e x p e r im e n ts  s u p p o r te d  
th e  b io a s s a y  d e t e r m in a t io n s ,  b u t  c h e m ic a l  a n a l y s i s  o f  th e  a u to c la v e d  
e x p e r im e n t show ed s l i g h t  d e g r a d a t io n  i n  a l l  s a m p le s .
The p l a n t  w a te r  u t i l i z a t i o n  e x p e r im e n t i n d i c a t e d  t h a t  a t  th e  
1 , 2 an d  4 ppm o x a d ia z o n  t r e a tm e n t  l e v e l s  g ro w th  and  t o t a l  w a te r  
u t i l i z a t i o n  o f  p igw eed  w ere  i n h i b i t e d  m ore th a n  w ith  r i c e  p l a n t s .  
A p p l ic a t io n  o f  o x a d ia z o n  a t  1 ppm seem ed to  s t i m u l a t e  r i c e  g row th  
and  in c r e a s e d  t o t a l  w a te r  u t i l i z a t i o n  o f  th e  p l a n t .  The s ta n d a r d
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c u rv e  d e r iv e d  from  t o t a l  w a te r  u t i l i z a t i o n  o f  p igw eed  a t  d i f f e r e n t  
h e r b i c i d a l  c o n c e n t r a t i o n s  showed p ro m is in g  r e s u l t s  o f  b e in g  a  new 
p a ra m e te r  f o r  d e te r m in a t io n  o f  unknown c o n c e n t r a t i o n s  o f  o x a d ia z o n  
by a  b io a s s a y  te c h n iq u e .
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